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Preface 



To the student 

The basic purpose of this book is to help you understand and be 
able to use the "language" of the scientist — not merely the vo- 
cabulary of science, but. also the thought processes and labora- 
tory procedures of the scientist. As you read the chapters and 
deal with ithe questions and problems provided, keep in mind 
that you are, in a sense, attempting to master a new language, to 
become fluent in its use. 

If you were to visit another country, you would like to be 
able to speak and understand its language in order to get to 
know the people and in order that they might get to know you. 
If you could not speak their language, you would feel like an 
outsider, unaware of most of what was happening. In the same 
way, the language of science is like any other language. If you 
can speak and understand it, you will feel at ease with other 
people who are talking or writing about science and understand 
what is happening. Moreover, just as knowing the language of a 
country helps you to understand the culture of the country, so 
knowing the language of science helps you to understand the 
concepts of science. We say helps because terminology, voca- 
bulary, and language itself are only. tools; we use (hem to help us 
communicate the concepts of science. Understanding the lan- 
guage of science can make you a better science student, and it 
will make learning science more enjoyable. 

Like other languages, the language of science has its struc- 
ture, its rules and exceptions, and its easy and difficult areas. 
This book will try to clarify this structure and to give you a 
start in learning some of its important components. And, like any 
newly learned language, the language of science must be prac- 
ticed and used constantly. 

You will have many occasions to meet and use the language 
of science. Two obvious places are in the classroom as you study 
the various sciences and in the laboratory as you develop some 
of the scientist's skills. 

■ • • 1 
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In addition, much of Ihe vocabulary of science can be heard 
in general conversation. In a simple discussion of film sizes we 
hear terms such as 8-millimeter movie film and 35-millimetef 
color slides. More sophisticated conversations may be sprinkled 
with dichotomize (to cut into two), insecticides (cide = to kill), 
and ecology (ecos = house or home + ology = the study of, 
thus the study of organisms and their homes or environment) J 
In these examples, the layman is using the language of science. 
As you become more familiar with the language, you can sharpen 
up your own conversational skills. Even as you prepare papers 
for other school courses, the skills and vocabulary that you de- 
velop in your study of science can be of benefit. Extend your 
science vocabulary into your creative writing assignments and 
your daily conversations whenever you can call upon an espe- 
cially expressive scientific term or comparison. 

Use your newly developed communication skills as you 
study your science courses, do your laboratory experiments, and 
undertake science projects. As you use this book and practice 
some of the techniques suggested in it, read or glance through 
scientific journals and texts to see how you are progressing in 
learning this new language. Keep a mental record of your own 
progress in extending your vocabulary and in using ever more 
precise terminology. 

To the teacher 

This book has been written for the science student — to help 
him comprehend the language of science and to gain confidence 
in its use in the conduct of scientific investigations. From his first 
introduction to the sciences\in the junior high school or even 
earlier in the elementary scHool to the more in-depth studies at 
the college level, the student may be awed and confused by a 
seeming flood of new terms and concepts. This book attempts to 
reveal that this flood has a manageable pattern and structure. 
To aid him in using the language as quickly and easily as possi- 
ble, the book considers scientific language in general and then, 
more specifically, the languages of the individual sciences, 
the language of mathematics in science, and the language of the 



'Throughout the book, we will indicate the meanings of words by breaking 
them into their components. The section on word-attack schemes in Chapter 1 
explains the usefulness of this procedure. 
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laboratory. Here; the book also deals explicitly with science in- 
vestigations for students themselves. In addition, each of these 
early chapters has, at its end. a series of questions, problems, 
and suggestions for building vocabulary. 

Because much of instruction in today's secondary schools 
has become fairly quantitative in its orientation, an important 
section is devoted to the application of basic statistical tech- 
niques to science problems. 

The final step, then, is to practice the language of science, 
and a concluding chapter suggests some ol the ways that students 
can go ahead on their own to develop skill in communication and 
in the laboratory. 

The most useful application of this book should be as an 
additional reference book and as an aid to the student. Many\ 
of the modern high school science curricula either assume that 
the student has already learned the vocabulary of science or 
treat it incidentally in their text materials. All too often the stu- 
dent becomes lost or fails to make good progress because he 
lacks a good grasp of the concepts and an understanding of the 
terminology used. 

The other purpose of this book is to encourage the student to 
carry out scientific activities. He should not only learn the lan- 
guage of science but be prepared to use it on his own in the 
scientific environment. Science project activity can and should 
have positive vaiae in a well-organized science program. The 
suggestions in this bock should help students realize these 
values. 

Alan Mandell 



POGO 
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CHAPTER 1 



Language and 
Communication 

One of the characteristics that distinguishes man from the other 
animals in his highly developed ability to communicate — that is, 
to transfer ideas from one individual to another through abstract 
visual or oral symbols and, especially., to record these symbols 
so that he can communicate with individuals far away in place or 
time. Many of tlie other animals also communicate with each 
other in a less complex but nevertheless interesting fashion. 
Some birds have a repertoire of calls, each of which appears to 
have a significant meaning to other birds. Worker bees have a 
sign system (described by Von Frisch [9]^), by which they inform 
other bees in the hive of the direction and distance to a food 
supply. Some animals communicate by using a chemical lan- 
guage: the odors they produce may attract or repel other animals. 
Still others project messages by gestures, facial expressions, or 
body attitudes. 

Communication by use of a language composed of abstract 
symbols — particularly recorded symbols — appears to be con- 
fined to man. To assure that this communicative process is suc- 
cessful, the individuals involved must have common agreement 
on and understanding of the meanings of the written and spoken 
symbols used in the language. A particular fruit is an "apple" 
only because you and I and the rest of the . English-speaking 
World have agreed to call it that. A Spianiard calls that fruit 
"manzana" and might not connect the term "apple" with the red, 
tasty fruit we know. The Greeks call this fruit fxrjkov : the 
Russians, rf 6nOKO; and the Japanese . Here, even the letters 

themselves are different. Obviously, communication requires an 
agreement on the symbols as well as on the arrangement of the 
symbols to indicate a certain concept. Understanding the mean- 



'References cited in the chapter will be found at the end of the chapter, 
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ihgs of symbols used in communication is of primary importance, 

whether it be in a foreign hingUage, one's own native tongue, or a 
speciaHzed part of a language. 

Fortunately, the Uvnguage of science is cosmopolitan. That is, 
it is used by al! nations and draws upon many of them for its 
vocabulary. Scientific terms and symbols come from Greek, 
Latin, Arabic, and many other languages. Historically, Greek and 
Latin were the languages of the learned world, so it is not sur- 
prising that much scientific terminology derives from word roots 
of these languages. Some scientific terms (for example, tetrava- 
lent) have mixed Greek and Latin roots. 

Pictorial symbols, too, arie used in the language of science. 
You probably recognize 6 as the symbol for male and 9 as the. 
symbol for female, though they have also been used as symbols 
for the planets Mars and Venus, respectively. Letters of the 
alphabet may also be used as symbols in the sciences to provide 
a kind of shorthand. However, like words themselves, symbols 
must have agreed-upon meanings, or communication is impossi-. 
ble. If there is any question in the writer's mind that the symbols 
he is using may not be clear to his readers, he should provide a 
list of the symbols and their meanings or write out each term in 
full vv^hen it is first used and indicate the symbol (or abbrevia- 
ti,jn) in parentheses immediately following the term. This estab- 
lishes the meaning of each symbol in the context in which the 
author, or a speaker, is using it. 

Appendix A contains a table which shows the Greek alpha- 
bet and some of the many meanings for which its letters are 
used in the sciences. 

Word-attack schemes 

To unlock the meanings of complex words, such as infraphoto- 
densitometer and bathythermograph, or even to learn to spell 
them correctly, may appear to be a nearly impossible task. Yet, 
using some of the clues and word-attack skills discussed below, 
y.as should be able to conquer words such as these and most of 
the other scientific words you encounter. 

You are familiar with root words, prefixes.' and suffixes from 
your language studies. Most science terms are compound words 
composed of a root word and prefixes or suffixes or both Con- 
sider the word photosynthesis. Here the root '*photo," meaning 
light, and the root "synthesis," meaning to put together are com- 
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bined to produce a term which signifies "putting together through 
the use of light." You probably know photosynthej^is as a term 
which describes the processes by which green plants make food 
materials in the presence of light. If you didn't know that, the 
word itself, thus analyzed, would give you a clue to its meaning. 

Think of some other "photo" words. Photograph implies 
writing (graphein = to write) by light; add an "er," and we have 
photographer. Photometer suggests a device to measure (meter 
= measure) light. Indeed, a photometer is used by photographers 
(people who write or record with light) to determine the amount 
of light available in order to take a good picture. Going back to 
infraphotodensitometer, we identify "infra" as near the limits of 
the light spectrum (i.e., infrared) and "density" as referring to 
the thickness or denseness of a material. Our word then becomes 
an understandable term which describes a device that measures 
the density of a material to infrared light energy. When we look 
again at bathythermograph, we get a clue to "thermo" from the 
word thermometer, which we know is a temperature-measuring 
instrument. Knowing that "bathy" refers to depths under water, 
vve can see that bathythermograph signifies a device that records 
(writes) the temperature in deep waters. 

From the above discussion, it should be apparent that know- 
ing the meanings and uses of some of the more commonly used 
scientific root words, prefixes, and suffixes is of primary impor- 
tance in becoming adept with the scientific vocabulary. Table 1 
lists some common combining terms, their meanings and uses. 

The arrangement of the parts of a compound word is often an 
important clue to its meaning. Consider, for example, photo- 
micrography and microphotography. Knowing the meanings of 
"photo" and "graphy" and adding that "micro" pertains to very 
small objects, we can see that both terms are concerned with 
written records of light energy on . a very small scale. Word 
analysis, using the relative positions of the parts of the com- 
pound word, suggests that microphotography means "small, 
light-written, recording." It is the process of making extremely 
small photographic records (on microfilm) of normal-size 
materials. Photomicrography, on the other hand, indicates "light- 
written records of tiny materials" and is used generally to de- 
scribe taking pictures through the microscope. 

Other words that can be analyzed in this way are given at 
the end of the chapter in Problems and Questions. 
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TABLE 1 . Some Common Combining Terms Used in Science 



Term a 


Meaning 


Example of Use 


alb 


white 


. , ^ 

albino 


anti 


against 


antitoxin (opposes poisons) 


anthrop 


human being, man 


anthropology (study of man) 


aqua 


water 


aqueous (watery) 


archeo 


ancient 


archaeology (study of ancient remains) 


bar 


weight, heaviness 


barometer (measures weight of atmospher 


bio 


life ■ 


biology 


centr 


center 


centrifuge 


ciaus 


an enclosed place 


claustrophobia (fear of being confined) 


dem 


people 


demography (study of human populations) 


dierm 


skin 


ectodermis 


ect 


outer 


ectodermis (outer skin layer) 


end 


inner 


endodermis (inner skin layer) 


ep 


upon, atop 


epicenter (above the center) 


gene 


birth, descent 


genealogy 


ge 


earth 


geography (mapping of the .earth) 


graph 


write 


geography 


hydr 


water 


hydrometer (water meter) 


is 


equal 


isotope (same place in atomic table) 


log 


study of 


biology, anthropology 


lun 


moon 


lunar (pertaining to the moon) 


mes 


middle 


mesodermis (middle skin layer) 


meter 


measure 


metrology (study of measurement) 


muta 


change 


mutate, mutation 


morph 


shape, form 


morphology (study of form and structure) 


nym 


name 


pseudonym (false name) 


omnI 


all. total 


omniscient (all-knowing) 


phil 


love 


aquaphila (love of water) 


phob 


fear 


claustrophobia (fear of being confined) 


phon 


sound 


phonograph 


phot 


light 


photograph 
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Term Meaning Exannple of Use 

phyt plant epiphyte (a plant growing upon another) 

pod foot pseudopodium ("false foot" of single- 
celled animal) 

prot early, first protozoa (first animals) 

pseud false pseudonym 

scien knowledge science, omniscient 

therm heat thermometer 

top place topography 

tox poison toxic, poisonous 

zo animal zoology 



^ \n forming words from these terms, connecting vowels are often used, as will be 
clear from the examples given. Dictionaries and various authorities may give 
slightly different forms for terms or roots. For the sake of consistency in this 
publication, so far as possible we have followed the forrns used in Dictionary of 
Word rtoofs arjd Combmir^g Forms [2] . 

TABLE 2. Numerical Prefixes Used in Measurements 



Name 


Symbol^ 


Meaning 


Unit Multiplier 


tera- 


T 


trillion 


10^2 


gjga- 


G 


billion 


109 


mega- 


M 


million 


106 


kllo- 


k 


thousand 


103 


hecto- 


h 


hundred 


102 


deka- 


da 


ten 


10^ 


deci- 


d 


one-tenth 


10-^ 


centi- 


c 


one-hundredth 


10-2 


milli- 


m 


one-thousandth 


10-3 


micro- 


M 


one-millionth 


10-6 


nano- 


n 


one-billionth 


io-« 


pico- 


P 


one-tri!lionth 


10-^2 


femto- 


f 


one-quadrillionth 




atto- 


a 


'Oibe-quintillionth 


10-^8 



a Le Sysfeme international d'Unites (SI), International System olVnIts 
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TABLE 3. Quantitative Prefixes 
Prefix Meaning Example of Use 



mon one 



un 

bi 

di 
du 

ter 
tri 



one 

two, twice, 
double 



three 



tetr four 
quadr 



without, 
lacking 

heter mixed 



a 

an 



hom similar 

throughout 

hyper above, over 
excessive 



hypo 



ts 



less than, 

below, 

deficient 

equal, 
same 



micr small 

poly many, 
much 



tel 



distant, far 



monotone (single tone or key) 

monoxide (contains one oxygen atom per molecule) 

unicellular (one-celled) 
unilateral (one-sided) 

bicycle (two wheels) 
bifurcate (two branches, forked) 
dimorphic (in two forms) 
duplex (double, twofold) 

tertiary (third rank or stage) 
tripod (three-footed stand) 
tritium (hydrogen isotope with 3 
nuclear particles) 

tetrachloride (four chlorine atoms) 
tetrahedron (solid with four faces) 
quadruped (four-footed animal) 

abiotic (without living organisms) 
anarchy (without government) 

heterogeneous (a mixture of kinds) 
^s^teromorph (exhibiting diversity of form) 

homogenized milk 

homograft (tissue from a similar type) 

hypertoxic (excessively poisonous) 
hyperesthesia (unusually high 
sensitivity) 

hypodermic (below the skin) 
hypothyroid (thyroid insufficiency) 

isosceles triangle (equal sides, equal angles) 
isomorphs (same shapes or forms) 
isothermal (equal temperatures) 

microscope (view of small things) 
microbiology (study of tiny living things) 

polychrome (many-colored) 
polynuclear (having many nuclei) 

telescope (distant view) 
television (seeing at a distance) 
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Numerical prefixes 

. Scientific terms often include prefixes that have a quantitative or 
numerical basis. These give us a better description of the item 
under consideration. Table 2 lists numerical prefixes used in 
measurements', symbols, and mathematical expressions. Table 
3 lists some ^of the more commonly employed quantitative pre- 
fixes and some common and scientific terms containing them. 

Fun with scientific word forms 

To become more familiar with some of the terms shown in 
Tables 1 and 3, let us compose some silly compound words using 
some of these terms. The mental processes we go through in 
developing these words are the same as those used by the scien- 
tist as he attempts to provide a term which will make clear the 
idea he had in mind. 

A bald-headed man could be called asetate (a == without, 
seta = hair), or perhaps hyposetate flacking or deficient in 
hair). In any event, we all occasionally must undergo a ceph- 
alosetectomy (head hair removal = haircut), A very fast runner 
might be described as having pteropoda (winged feet). An eco- 
logical community containing only a single species of animals 
might be called monozoic.^ The usual ecological community with 
a variety of plant and animal species could be called polybiotic. 
How would you describe your classroom (or home] aquarium in 
this respect? Compose terms to describe scientifically the follow- 
ing: (a) a midget, (b) a device to measure people's feet, (c) rock 
and roll music. 

Problems and questions 

1. What might these make-believe scientific terms mean? 

a. thermophobia b. aqualuna c. baropodate 

2. What about these more truly scientific terms? 

a. demophile b. polymorphic c. pseudopodia 

3. Watch your dog or cat and make a list of its communication 

^Actually, an excellent term in wide usage in modern experimental biology 
with exactly the meaning described here is axentc (a=withoul, xen =stranger 
or forei^jner). 
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processes. List items ol* its vocabulary. Can you establish a 
dictionary for a dog's tail communication patterns? 
Are dogs generally successful in communicating with other 
dogs? With cats? With other animals? How about cats in 
these respects? 

Was your pet learned to understand your communications? 
Does he understand the words you use or the tone of your 
voice? 

4. Look up the language called Interlingua. What kind of inter- 
national problems could such a language help solve? 

5. Suppose you were one of the first persons to meet an intelli- 
gent extraterrestrial being. How would you begin to com- 
municate with him (it)? There have been severaLinteresting 
science fiGtion stories written on this particular question. 

6. Worthwhile science projects can be done on animal commun- 
ication patterns. Suggest some questions to be investigated. 

7. Try writing a Iheme for an English assignment in which you 
point out how the language of specific groups of people cuts 
them off from other people. Sports, economics, and dress 
stylies are infamous for their own unique lingo. 
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The Language of the Sciences 

Biology 

Biologists might be accused of manufacturing the greatest num- 
ber of new terms for their own special vocabulary. But when you 
consider that biologists are trying to describe precisely all the 
different kinds of plants and animals, as well as (heir varied 
structures and living processes, you can understand the need for 
an immense number of terms. 

Taxonomic terms 

One of the earliest problems biologists faced was that of assign- 
ing scientific names to Jiving organisms. You and I may agree 
that the four-legged animal that gives us milk will be called "a 
cow,** but a Spaniard will call her "una vaca.** The international 
language of biologists suggests that we all use a scientific (genus) 
name of Bos. If we do so, people of all nationalities will know 
which type of animal we are discussing. 

Biologists have developed a schenie of classification for all 
organisms, living or extinct. This system of taxonomy (tax = 
arrangement, - nomy = the science of; thus, the science of ar- 
rangement) attempts to arrange the great variety of living things 
into organized and logical categories. Important for classification 
are the structure, function, development, and evolutionary his- 
tory of the organism. 

The early Greeks named some animals, and other later 
scientists revised and added to this taxonomy. Linnaeus, 1707- 
1778, a Swedish botanist, devised the basic system of taxonomy 
still in use throughout the world, (2) It consists of a hierarchy of 
taxonomic ranks: the first ranks contaij^f large groups of organ- 
isms with many general, shared chara^^^)ristics. Each rank and 
its subgroups are more discriminating thi|;in the preceding rank so 
that as we progress down through the r/i^nks. we find the organ- 
isms included in each becoming more .and more similar. This 
kind of classification tells us a groat .dpal about the character- 
istics of the organism and its interrelations with other organisms. 

13 
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Since the time of Darwin, the theory of evolulAon has become an 
important influence in classifying organisms with regard to their 
common ancestry. 

The first step in the Linnaeari scheme was to divide all living 
things into two kingdoms: plants and animals. However, as you 
study biology, you may be surprised to find that Ihere are some 
organisms that are difficult to identify as either truly plants or 
truly animals. Some taxonomists have proposed a third kingdom 
of living things called the Protista, but generally we still use the 
two kingdoms. Each of the two kingdoms is divided into major 
groups. For animals the major groups are called phyla (singular, 
phylum; from phyl, a Greek word meaning tribe). The equivalent 
botanical category is the division. Phyla and divisions are sub- 
divided into classes, classes into orders, orders into families, 
families into genera (singular, genus), and genera into species. 
(See Figure 1.) 

FIGURE 1. The Ranking of Major Taxonomic Categories 

Kingdcm 

Animal Plant 



Phylum 


Division 


Class 


1 

Class 


1 

Or'der 


1 

Order 


Family 
! 


1 

Family 


Genus 


1 

Genus 


o 1 . 
Species 


^^-^^cles 



Note: Although there are only two kingdoms, there are many phyla, classes, 
and other subdivisions. 



As we progress from kingdonn to genus and species, each suc- 
ceeding rank becomes more specific in its description of the 
organism. The kingdom will include all animals; a phylum will 
include a very large group of animals that all have some common 
distinguishing characteristic; each class will include one sub- 
division of the phylum; and so on until we come to genus and 
species. Through the use of a binomial (bi =two, nom = name) 
arrangement of genus and species, each organism can be given a 
distinctive scientific name that designates it specifically. Here it 
is important to remember that species is not a name in itself and 
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cannot be used alone. It is a specific epithet (epi = upon, thet 
= theme; characterizing term) used to further distinguish the 
organism of a genus. 

If you study any particular group of organisms in great de- 
tail, you may find additional taxonomic levels, such as sub- 
families or superclasses. However, it is the genus-and-species 
label that describes the particular type of organism. Thus, the 
common house cat is Felis domesticus, and the red maple tree is 
Acer rubrum. The genus name may be abbreviated as (F. domes- 
ticus or A. vuhvxxm] if the meaning will still be clear. Notice that 
the generic name comes first and is capitalized; the specific 
epithet is not capitalized; and both words are underlined in a 
manuscript and printed in italics. This is the standard way to 
write scientific names. The names in classifications above 
genus — family, order, etc. — are also capitalized. 

As Linnaeus and other scientists composed names to desig- 
nate the various levels or ranks of taxonomy, they often used 
descriptive prefixes, suffixes, and root words. A good example of 
the descriptive power of nomenclature (nomen = name; calare 
=^ to call) is shown in Table 4, the hierarchy or classification 
scheme of names of the Virginia pine. No'iice how the term for 
each rank describes the organisms in that group. ^ 

The names tell us that the Virginia pine is a ccne-bearing, 
seed-producing plant, with naked seeds. 

TABLE 4. Taxonomy of the Virginia Pine \ 

Category in order Name 
of descending rank 



Kingdom 


Plantae (plant - plant) 


Division 


Spermatophyta (sperm = seed, 




phyt = plant) 


Class 


Gymnospermae (gym = naked) 


Order 


Coniferales (conifer = cone-bearing) 


Family 


Pinaceae (pine family— assigned by Linnaeus) 


Genus 


Pinus (pin = pine) 


Species 


Pinus virginiana (place of common occurrence) 



^Note that taxonomy and nomenclature are Ivvo separate processes. Taxonomy 
is the (theoretical) study of classification. Nomenclature is simply the process of 
naming tilings and is essentially a legal process, based on rules of nomenclature. 
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Sometimes an investigator will discover a new organism 
which he thinks no one has described before. It must be placed 
in the correct relationship to the known plants or animals, and 
it must be named according lo nomonclatiiral rules. 

There are very specific rules for this process, in the case of the 
plant kingdom these rules are to be found in the /nternational 
Code of Boionical iVomenciature. [4] Some of the important rules 
for the investigator to keep in mind as he attempts to name his 
newly discovered plant appropriately are the following: 

1. The scientific name of any plant has two parts: the genus, or 
generic name, and the specific epithet (species). (For exatn- 
ple. the red spruce is Picea rubra.) 

. 2. The generic name is always a noun, in the singular, nomina- 
tive case, and is always written with a capital letter. It may be 
descriptive of some characteristic prominent in the included 
specimens such as Xanthoxyium (yellow wood) or may fol- 
low the early original name given to plants of its type, such 
as Quercus, the Greek name for oaks. In the case of an en- 
tirely new generic group, the name of a person may be used, 
such as /effersonia (after Thomas )efferson) for a genus of 
herbs. 

3. The specific epithet may be: 

a. an adjective indicating a distinguishing trait of the 
species, such as rubra (red) or americana (an American 
species), or 

b. a noun, such as a person's name (for example, ander- 
sonii), usually to honor a scholar in that branch of 
botany. 

4. The family name is formed by adding aceae to the stem of 
the generic name. Thus, Pinaceae. 

5. The order name is formed by adding oies to the stem of the 
generic name, thus Pinales from Pinus, Liliales from Lilium. 

In the early history of biological taxonomy one animal might be 
given several different names, having been discovered and 
described by more than one scientist. One such organism was a 
freshwater amoeba which had several different names in the 
scientific literature. 

It is reported, perhaps with tongue in cheek, that one biolo- 
gist, in an attempt to straighten it all out, gave the amoeba a 
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name still sometimes used for it. The terms he chose may have 
reflected the problems he encountered in the process — Chaos 
chaos -or do they refer to the .large vacuoles (vacu = empty! 
characteristic of this organism (chaos = empty space)? 

The taxonomy of animals also has its procedures for nomen- 
clature. These are found in the Internationa] Code of Zoological 
Nomenclature. [1] Table 5 shows how an animal may be describ- 
ed in the various levels of classification from kingdom to species. 

TABLE 5. Taxonomy of the Common Housefly 



Category in order Name 
of descending rank 

Kingdom Animialia (animal = animal) 

Phylum Arthropoda (arthr = joint, pod = foot) 

Class tnsecta (insect = cut into; this refers to 

the divided nature of the body) 

Order Diptera (di = two, pter = wings) 

Family Muscidae (assigned by Linnaeus) 

Genus Musca (Latin name for fly) 

Species Musca domestica (domestic = around the house) 



This hierarchial classification scheme shows us that the common 
housefly is an animal with jointed feet, a divided body, and 
two wings, and is a fly around the house. The word Hexapoda 
has also been used as the name of this class of arthropods, re- 
ferring to the fact that insects typically have three pairs of legs 
(hex — six). 

It should come as no surprise to you that biology as a 
science is changing every day as new information is discovered. 
Conse(}uently, some biologists spend their research hours trying 
to improve and make more precise the taxonomic system. In 
addition, some authorities prefer to group certain organisms in a 
single category, while others consider that these organisms are 
sufficiently distinct to merit separate categories. Hence, we find 
a variation in numbers of phyla and other groups listed in refer- 
ence works. 

Table 6 is a list of many of the terms used in taxonomy, with 
an explanation of their mearnj^s. Using this table may help you 
to figure out some things about an organism from its names. 
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TABLE 6. Some Taxonomic Terms for Higher Levels 
of Plants and Animals 

Term Analysis Examples 



Plant Kingdom 

Thallophyta 

Mycophyta 

Bryophyta 
Pteridophyta 
Spermatophyta 
Ar.imaS Kingdom 
Protozoa 

Porifera 

Coelenterata 

Platyhelminthes 

Nemathelminthes 
Annelida 
Mollusca 
Echinodermata 

Arthropoda 

Chordata 



thall = immature 
plant body 
phyt = plant 

myc = fungus 

bryo = moss 
pteri = fern 
sperm = seed 

proto = first, early 
zo = animal 

por = pore 
fer = to bear 

coel = hollow cavity 
enter = intestine 

plat = flat 
helmin = worm 

nem = thread-like 

annel = a ring 

mollusc = soft 

echin = spiny 
derm = skin 

arthr = jointed 
pod = foot 

chord = cord 



algae, fungi 

fungus Of mold 
plants 

moss plants 
fern plants 
seed plants 

one-celled 
animals 

sponges 

hydra and 
jellyfish 

flatworms, 
flukes 

round worms 
earthworms 
shellfish 
starfish 

insects, spiders, 
crustaceans, etc, 

animals with 
notochords 
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Descriptive terminology 

As you might expect, taxonomic terminology has frequent need 
for terms that describe colors. Table 7 lists some of the more 
commonly used terms and their color implications. 
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TABLE 7. Terms Describing Colors 



Reds 

rubr- 

sangui- 

ruf- 
Blues 

cyan- (blue) 

purpur- (purple) 

Silver 

argyr- 
Brown 

brunne- 

Green 

chlor- 
Mixed 

vari 

vers! 



Terminology of processes 

Terminology guides us not only to recognition of particular 
plants and animals but helps us to understand the stages and 
processes being experienced by the organism. Consider, for 
example, the process cailed mitosis (mit = thread; -osis = con- 
dition or state) — the nuclear changes usually accompanying cell 
division, which result in each daughter cell receiving identical 
chromosomal (chrom = colored, soma = body or structure) 
com[)lemf)nt.s. This process of nuclear change is really a contin- 
uous process, but biologists have identified recognizable stages 
or phases that occur as the chromosomal "threads" participate in 
the process. The names given to the stages, once analyzed, give 

us clues to what is occurring at that stage. — 

Prior to mitosis, the cell is said to be in interphase. ''Inter" 
implies between (i.e., interval), and the interphase is the stage 



White 
alb- 

albl- 
candi- 

eburne- (Ivory) 

lact- (milky) 
leuc- 

Black 

ebon 

nigricans 
Yellows 

aur- (golden) 

chrys- (golden) 

flav- (yellow) 

lut- (yellow) 

auranti- (orange-red) 
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between cell divisions- thai is. the normcil molabolic condition 
of living cells. 

As mitosis begins, the nucleus is said to be in prophase. 
VTro'* is a prefix meaning in front of or before: therefore, 
prophase is the first stage, the beginning stage,. which precedes 
the others. 

The second stage of the mitotic process, called metaphase. is 
easy to identify under the microscope because the chromosomes 
are arranged across the middle portion of the cell. "Meta" im- 
plies between or midway. In this stage of mitosis the chromo- 
somes are indeed midway between the "poles" of the cell, and 
each chromosome is separating, lengthwise, into two identical 
halves. 

During the third stage these halves, or separate sets of 
chromosomes, move outward from the center area of the cell 
toward the outer areas or poles. This stage is called anaphase, 
and. as you might guess, one of the meanings of the prefix *'ana" 
is upward or outward. 

■ The final stage, which results in the formation of two new 
nuclei that are small duplicates of the original, is called telo- 
phase. "Telo" is a prefix which implies the end or final. Notice 
that this is different from the prefix '*tele," which implies dis- 
tance. 

Thus we have a bifurcate (two-forked) attack on under- 
standing the process of mitosis. If we analyze and understand the 
meanings of the words which are used to label the stages, we 
have cJuas to the processes occurring during each stage. On the 
other hand, if we understand the process and the sequence of 
events that occur in the cell, we can often recognize the words 
that are used to describe the activities taking place. 

Health and medical terms 

There are many scientific terms that are basically medical terms. 
You will encounter many of these when you study health or 
human biology. Again, the ability to analyze the words into their 
component parts will enable you to understand the meanings and 
applications of the terms. For example, "cyto-" and ^*-cyte" are 
prefix and suffix which are used to denote cell. Thus, cytology is 
the study of cells. Consider the names given to many of the body 
cell types. Neurocytes are nerve cells (neur = nerve). Osteocytes 
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are bone cells (ost = bone). .Hematocytes and leucocytes are 
red and white blood cells, respectively (hem = blood, leuc — 
white). 

The three suffixes "-itis," "-ectoniy," and "-otomy" are 
commonly attached to root words to describe the conditions that 
exist. Thus appendicitis is an infection or inflammation of the 
appendix; appendectomy refers to the removal of the cippendix, 
and tracheotomy refers to opening the trachea (usually to aid 
breathing). Each of the suffixes has the meanings implied in the 
description of the conditions above. 

Certain root words are used to describe areas or specific 
organs of the body. Thus *'gastro" refers to the digestive area or, 
more specifically, the stomach; **hepato" to liver, and "cerebro" 
to ihe centred nervous system or more specifically, the brain. An 
unfortunate person who had gastritis, hepatitis, and cerebro- 
spinal meningitis would be suffering from infections of the 
stomach, liver, and spinal-cord tissues. 

In 1822 the American physician William Beaumont treated 
Alexis St. Martin, a trapper who had received serious gunshot 
damage. Both the stomach and body wall were opened by the 
blast. St. Martin recovered, though the edges of the wounds 
joined each other, leaving an opening from the outside into St. 
Martin's stomach. Beaumont and SL Martin cooperated in a 
series of scientific observations. Could you consider the original 
wound a gosirotomy? 

As you meet new words in health and anatomy, use the 
glossary or a dictionary, not only to find the meaning of the 
whole word, but also of its component parts. This will add new 
prefixes, suffixes, and root words to your useful vocabulary. 

As you can see, the biologist has a large, rich, and varied 
vocabulary at his command. Someone has said that the biology 
student has to learn more new words than the first-year Spanish 
student! But as you learn even a small part of the language, you 
will not only be. gaining the facility to communicate in this 
science but you will also expand your recognition and enrich 
your appreciation of plants and animals in everyday life. 

Problems and questions 

1. What might these imaginary scientific terms mean? 

a. biarthrose b. gymnopoda c. neuroectomy 
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2. What about these more truly scientific terms? 

a. Canis farniliaris b. protophyte c. dermatitis 
d. Gastropoda e. Bryozoa f. spermatozoa 
g> arthritis 

3. Look up the scientific name of the silver maple tree and the 
names of the higher laxonomic ranks to which it belongs. 
Construct a laxonomic classification scheme for it as in 
Table 4. 

How does this agree with and differ from the scheme for the 
red maple? 

4. According to taxonomic groupings, which are more closely 
related, the maple ^rees and the elm trees or the maple trees 
and the pine trees? 

5. Could an animal with jointed feet, threo pairs of legs, and 
one pair of wings be placed in the family Muscidae? 

Why or why not? 

6. According to laxonomic groupings, whit:h are more closely 
related, the true flies and the fleas, or the true flies (i.e., 
houseflies) and the gnats? 

References and Further Reading 

The following books deal with nomenclature and the great biologists 
ami Iheir lives. 

1. /nternationai Code of ZooJogicai Nomenciature. First Edition. 1961. 
Slightly revised edition. 1964. International Trust for Zoological 
Nomenclature. 14 Belgrave Square, London, S.VV. 1; England. 

2. Jaeger. Edmund, C. Source-Book of Biological Names and Terms. 
Third Edition, C.C Thomas, Publisher. Springfield, Illinois. 1972. 

3. Johnson. M. L. A Dictionary of Biology. Paperback. Penguin Books, 
Inc. Baltimore. Maryland. 1954. 

4. Lanjouvv. J., et al. International Code of Botanical Nomenclature. 
Adopted by the Tenth International Botanical Congress. S-M Ser- 
vice Agency. New York. 1966. 

5. Mayr. Ernst. Frincipies of Systematic Zoology. McGraw-Hill Book 
Company. Inc. New York. 1969. 

6. Pea Hie. Don aid C. Green Lai; reis; The Lives and Achievements of 
fhe Great Naturalists. Simon & Schuster, Inc. New York. 1936. 

7. Savory, Theodore. NarrAng the Living WorJd. John Wiley & Sons, 
Inc. New York. 1963. 

8. Simpson, G. G. Principles of Animal Taxonomy. Columbia Univer- 
.sily Press. Now York. 1961. 



Chemistry 



The word chemislry comes from the Middle East; long ago the 
sacre'd name for Egypt was "Chemia," which means black and 
probably referred to the fertile black soil of the Nile valley, in 
those ancient limeb almost any kind of change was mysterious, 
such as the change oi wood to ash when it burns, or the trans- 
formation of sand inio glass. Men who understood how to make 
some things change were considered to be magicians [at least 
we miglit oall them that today], From their mysterious abilities 
to cause changes the word for (he study of change was derived. 

The language of chemistry has a long history of pictorial and 
abbreviated symbols, The early chemists — or alchemists — used 
pictorial symbols to stand for the chemicals with which they 
worked. Following are some of these early chemical symbols, 
many of which turn u[) here and there even today. 

FIGURE 2. Early Chemical Symbols 

Lead ^ Tin '"4 Iron (j' Gold 0 Copper ^ Mercury ^ Silver ^ 




Like biologists, chemists have developed a special nomencla- 
ture so that they can be precise when they communicate with 
each other or describe their work to other scientists. Today the 
language of chemistry has become a very elegant kind of "short- 
hand notation" of great clarity and precision. It begins with the 
names of ihe elements and symbols for them. 

Table f3 lists alphabetically the names and the symbols for 
the elements. You can see thai in most cases the symbol is close- 
ly related to the English name of the element, either one capital 
letter or one capital and one small letter. Where the symbol for 
an element does not correspond to the English name, it corres- 
ponds to the name of the element in some other language. Thus, 
C = carbon. Ca = calcium, Cd = cadmium. Co = cerium. Cu (cu- 
prum, Latin) copper, Au [aurum. Latin) = gold, Fe (ferrum, 
fialiivj = iron, and iVa (Natrium, German) = sodium. 

Most of the names of elements v^/ere determined on rather 
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dry. scientific bases, but the storx" of iho naming* of anlimoiu', 
if true, is a humorous one. 

'it is rohUeil thai an (uirly Christian monk who was also in- 
terested in alchemy, iliscovm-ed a new white powdery com- 
pound, which could be separated into a brittle silvery metal not 
yet known to science. Being a frugal monk, he had the practice 
of throwing the wastes frorn his various experiments to the hogs, 
the care of which was also his assignment in the monastery. 
Heing scientifically observant, he noted that the hogs grew^ fat 
and healthy on (h(? residues of hiir exfjerinients which contained 
the new white powder. A certa,in humanistic concern for the wel- 
fare of his fellow monks, who were lean and thin from the rather 
frugal tliet of the monastery! prompted him to s[)rinkle small 
l)ortions of the white powder on the thin gruel of his fer::yws. 
H(» was at first pleased to note a definite improvement in their 
general health and well-being. Shortly after the new addition 
to thfiir diet, however, most of the monks became sick, suffering 
severe gastrointestinal disorders of great magnitude. He reluc- 
tantly decided that his new compound was not good for monks 
and named its silvery nuJtal component Antimony (anti = against, 
mony from the Latin for monk). It had indeed worked against 
the best interests of his fellow monks." (Anon.) 

Whether the story is true, I shall leave lo the reader lo de- 
cide. A bit of damaging evidence to consider is the fact that the 
chemical symbol for antimony is SI) from the word stibium, 
which doesn't seem to pertain to the word monk, 

Interesling projects can be built around research into the 
derivation of the names of the elements. Some references are 
provided at the end of the chapter. 

There ar(j some 103 known and named chemical elements, 
with at least two more that have been claimed to have been pro- 
duced. ForlUDately for our purj)o.ses in studying chemistry, we 
need not know all the 103 names and symbols. There are only 
al)o\it twenty elements that v;e need to keep in mind at the start. 
These are the ehmients which appear in the compounds that 
C(3mpose most of th(J common substances of concern in intro- 
ductory chemistry courses and in our daily life. 

Each element is composed of atoms. For a particular ele- 
ment, the atoms of that element are all alike (tj.xcept for slight 
variations in mass which \will be discussed later). Hydrogen has 
only hydrogen atoms; and the symbol II denotes hydrogen. In 
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TABLE 8. The Chemical Elements 







AtomjC 


Atomic 






Atomic 


Atomic 


Element 


Symbol 


Number 


Mass 


Element 


Symbol 


Number 


Mass 


Actinium 


Ac 


89 


(227) 


Mercury 


Hg 


80 


200.6 


Aluminum 


Al 


13 


27.0 


Molybdenum 


Mo 


42 


95.9 


Americium 


Am 


95 


(243) 


Neodymium 


Nd 


60 


144.2 


Antimony 


Sb 


51 


121.8 


Neon 


Ne 


10 


20.2 


Argon 


Af 


18 


39.9 


Neptunium 


Np 


93 


237.0 


Arsenic 


As 


33 


74.9 


Nickel 


Ni 


28 


58.7 


Astatine 


At 


85 


(210) 


Niobium 


Nb 


41 


92.9 


Barium 


Ba 


56 


137.3 


Nitrogen 


N 


7 


14.0 


Berkelium 


Bk 


97 


(245) 


Nobelium 


No 


102 


(254) 


Beryllium. 


Be 


4 


901 


Osmium 


Os 


76 


. 190.2 


Bismuth 


Bi 


83 


209.0 


Oxygen 


0 


8 


16.0 


Boron 


B 


5 


108 


Palladium 


Pd 


46 


106.4 


Bromine 


Br 


35 


79.9 


Phosphorus 


P 


15 


31.0 


Cadmium 


Cd 


48 


112.4 


Platinum 


Pt 


78 


195.1 


Calcium 


Ca 


20 


40.1 


Plutonium 


Pu 


94' 


(242) 


Californium 


Cf 


98 


(251) 


Polonium 


Po 


84 


(210) 


Carbon 


C 


6 


12.0 


Potassium 


K 


19 


39.1 


Cerium 


Ce 


58 


140.1 


Praseodymium 


Pr 


59 


140.9 


Cesium 


Cs 


55 


132.9 


Promethium 


Pm 


61 


(145) 


Chlonne 


CI 


17 


35.5 


Protactinium 


Pa 


91 


231.0 


Chromium 


Cr 


24 


52.0 


Radium 


Ra 


88 


226.0 


Cobalt 


Co 


27 


58.9 


Radon 


Rn 


86 


(222) 


Copper 


Cu 


29 


63.5 


RheniufT 


Re 


75 


186.2 


Curium 


Cm 


96 


(245) 


Rhodium 


Rh 


45 


102.9 


Dysprosium 


Dy 


66 


162.5 


Rubidium 


Rb 


37 


85.5 


Einsteinium 


Es 


99 


(254) 


Ruthenium 


Ru 


44 


101.1 


Erbium 


Er 


68 


167.3 


Samarium 


Sm 


62 


150.4 


Europium 


Eu 


63 


152.0 


Scandium " 


Sc 


21 


45.0 


Fermium 


Fm 


100 


(254) 


Selenium 


Se 


34 


79.0 


Fluorine 


F 


9 


19.0 


Silicon 


Si 


14 


28.1 


Francium 


Fr 


87 


(223) 


Silver 


Ag 


47 


107.9 


Gadolinium 


Gd 


64 


157.3 


Sodium 


Na 


11 


23.0 


Gallium 


Ga 


31 


69.7 


Strontium 


Sr 


38 


87.6 


Germanium 


Ge 


32 


72.6 


Sulfur 


S 


16 


32.1 


Gold 


Au 


79 


197.0 


Tantalum 


Ta 


73 


180.9 


Hafnium 


Hf 


72 


178.5 


Technetium 


Tc 


43 


98.9 


Helium 


He 


2 


4.00 


Tellurium 


Te 


52 


127.6 


Holmium 


Ho 


67 


164.9 


Terbium 


Tb 


65 


158.9 


Hydrogen 


H 


1 


i.ooe 


Thallium 


Tl 


81 


204.4 


Indium 


In 


49 


11 4B 


Thorium 


Th 


90 


232.0 


iodine 


1 


53 


126.9 


Thulium 


Tm 


69 


168.9 


iridium 


Ir 


77 


192.2 


Tin 


Sn 


50 


118.7 


Iron 


Fe 


26 


55.8 


Titanium 


Ti 


22 


47.9 


Krypton 


Kr 


36 


83,8 


Tungsten 


W 


74 


183.8 


Lanthanum 


La 


57 


136.9 


Uranium 


U 


92 


238.0 


Lawrencium 


Lr 


103 


(257) 


Vanadium 


V 


23 


50.9 


Lead 


Pb 


82 


207.2 


Xenon 


Xe 


54 


131.3 


Lithium 


Li 


3 


6.94 


Ytterbium 


Yb 


70 


173.0 


Lutetium 


Lu 


71 


175.0 


Yttrium 


Y 


39 


88.9 


Magnesium 


Mg 


12 


24.3 


Zinc 


Zn 


30 


65.4 


Manganese 


Mn 


25 


54.9 


Zirconium 


Zr 


40 


91.2 


Mendelevium 


Md 


101 


(256) 











Numbers m parentheses give the mass number of the most stable isotope. 



From Huheey. James. Diversity and Periodicity, interdisciplinary Approaches to 
Chemistry. Harper & Row. Publishers. New York 1973. Page 111 
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ii symbol H can ropresunl one atom of hydrogen. Compounds are 
composed of two or more atoms of ciifferent elements. Water is 
composed of atoms of hytirogen (two) and oxyjien (one). The 
formula for water is HoO. It tells us that there are two hydrogen 
atoms (indicated by the subscrit)! 2) combined with one oxy^jen 
atom. (We omit the subscrii)t for one since the symbol alone in- 
dicates one atom.) We say that these atoms form a molecule 
(mole = mass: cuie = little) of water. A molecule, thus, is com- 
posed of two or more atoms that may be either alike or different. 
In air we may have \n\\vs of oxy^^en aloms in molecules. O2. and 
carbon dioxide molecules, COj, which have one atom of carbon 
and two of oxygen. 

The periodic table 

What Linnaeus did for biology, the Russian Dniilri Mendeleev 
did f(^r chemistry. In the 18(H]*s he organized the known elements 
into a lablu and formulated a jjoriodic law: "The j)roj)erties of 
the elements and thtjir comjjounds are periodic functions of the 
atomic weights of iho elemcmls." Thai is, certain characteristics 
occur at I'egular or predictable intervals in the sequence of ele- 
ments. In Mendeleev's table the elements having similar j)roper- 
lies fall in the same column or near each other. The periodic 
table is shown on page 27. Generally speaking, the elements in 
any vertical (up and down) column, called groups, are more or 
less similar, For exam|)le, you will find co|)|)er, silver, and gold. 
(Cu. Ag, and Au) in the same vertical column or group. These are 
the elements that have traditionally been used for coins, Some- 
limes the elements in a column are similar enough lo have the 
same family name. For example, fluorine, chlorine, bromine, 
iodine, and astatine (F. CI. Br. I. and At) are called the halo- 
gens (hal = salt: gen = form) or salt-formers. The best known 
salt is ordinary table salt, sodium chloride with the formula 
XaCl. 

Kach of Ihe verlicnl columrrs is IdenHfied by a roman nu- 
meral or a roman numeral and a letter. This is the "group num- 
ber.** The group number for the halogens is VIIA. Fluorine, 
chlorine, bromine, etc. are sometimes called "Group VIIA ele- 
ments" instead of "halogens," 

The Group VIA elements -oxygen, sulfur, .selenium, tellu- 
rium, and polonium -are sometimes called chaioogens, {chal 
= earthy: gen = form). In the earth's crust, many of the other ele- 
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ments are found combined with one of the chalcogens, such as 
iron oxide, or iron ore; silicon dioxide, or sand or quartz. The 
formulas are Fe203 for iron oxide, and Si02 for silicon dioxide. 

The Group lA elements are called alkali metals, and the 
Group IIA elements are called alkaline earths. These names come 
from the fact that some of the compounds of the Group lA and 
HA elements form alkaline solutions in water. An alkaline solu- 
tion feels slippery when rubbed between the fingtir and thumb 
because the solution will react with the fatty tissue just under 
your skin, causing a chemical change producing soap and glycer- 
ine from the fat. Soapy solutions feel slippery. 

The periodic table also lists the atomic mass of the elements, 
shown above the symbol for the element in the table. A glance at 
the table shows the comparative mass of the elements. Look at 
several elem.ents that you know — for example, aluminum, tin, 
and iron. As you would expect, aluminum is the least massive, 
with an atomic mass of 27.0. You can see that an atom of (in is 
more than four times as massive as an atom of aluminum. An 
iron atom is close to being twice as massive as an atom of alun::^!- 
num. 

For most of the elements, atoms may vary slightly in mass. 
For example, there are 9 slightly different tin atoms, identical 
for all practical purposes except for their slightly different 
masses. These atoms are called isotopes of the element (iso = 
equal: topos = place). 

Notice also that for each element in the periodic table, there 
is an atomic number, in order, 1, 2, 3, and so on beginning with 
hydrogen, H, atomic number 1; then helium. He, atomic number 
2; and so on. The atomic number is the number of protons in the 
nucleus of each atom of the element. A proton (protos = first] is 
a so-called heavy particle with one positive charge. For example, 
the atomic number of iron is 26, so you can tell that for each 
isotope of iron, no matter what its mass, there are 26 protons in 
the nucleus of the atom. 



As we said before, chemists study change to learn why and how 
things change. (Why do the leaves change color in the fall; why 
does iron rust?) I3y intelligent and imaginative guesses about the 
reasons for change, man learns about the material which 
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changes. He can then apply this knowledge in a myriad ways — 
some beneficial, some foolish or even harmful. Perhaps if we 
knew more about changes, we could apply our knowledge with 
more wisdom, 

^es. chemistry is the study of change — but not all kinds of 
change, of course. Chemistry is not concerned with a change of 
opinion, or a chraige of time (from daylight saving to standard), 
or a cha/nge of position. Chemistry is concerned with changes in 
substances or matter. The substance, wood, becomes another 
substance, ash (and smoke and carbon dioxide and water vapor), 
w'hen it burns. Burning is a chemical change. Iron changes to 
iron rust. Rusting is a chemical change because the substance, 
iron (an element), is different from the substance iron rust (a 
compound). 

In chemical changes or reactions, new arrangements and 
new combinations of atoms form; the suf)stance looks different; 
it behaves differently; it has different properties; it must have 
a different nanio. Chemists are still developing their theories as 
to how these changes or reactions occur and are constantly try- 
ing to discover more about how and under what circumstances 
atoms combine to form compounds. 

Certain components of the atoms themselves influence ihe 
manner in which atoms join (or bond) with other atoms* Each 
atom has protons, which we have already mentioned, neutrons 
{neutr = neither: not plus, not minus), and electrons (electr = elec- 
tricity). The electrons carry a negative charge, which is balanced 
by the positive charge of the protons. An atom in its normal state, 
therefore, has a balanced electric charge. &> long as it hasnM 
lost or gained any electrons, il is neutral electrically. 

MAJOR COMPONENTS OF AN ATOM 

nucleus electrons 

protons -charge - 

+ charge number = number of protons, in a 

number = atomic number neutral atom 

neutron 

no charge 

The electrons are presantly thought to be in '*a region outside" 
the nucleus. 
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In chemical reactions, ^atoms may capture electrons from other 
atoms, or they may share the electrons of a nearby atom, Ob- 
viously an atom which has acquired extra electrons (with their 
negative ch^i^rges) will then have a negative charge. An atom, 
which has lost electrons will have a positive charge. The.»)e atoms 
no longer have a balanced electric charge. Combinations of 
atoms, as well as individual atoms, can gain or lose electric 
charges. We call atoms or groups of atoms with unbalanced elec- 
tric charges, ions (ienai = to go: in solutions, ions move about). 

An ion, then, is an atom or group of atoms with a positive or 
negative electric charge, Some ions are two or three or more 
atoms combined, and the whole assembly has a positive or nega- 
tive charge. If the ion has only one atom, it is called a monatomic 
(mono = one: atom), ion; if it has more than one atom, it is called 
a polyatomic (poly = many: atom), ion. Positively charged ions 
are called cations (pronounced cat' i ons), and negatively 
charged ions are called anions (an' i ons). 

Some well-known monatomic ions are the Na"*" and CPpres- 
ent in a solution of NaCl or the Cu^"*" ion in solution in the re- 
fining of copper. Two well-known polyatomic ions are the am- 
monium ion in household ammonia water and the acetate ion in 
vinegar. 

Ammonium ions, NH4"*' , are each composed of one atom of 
nitrogen and four of hydrogen, and the assembly has one net 
positive charge. Acetate ions, written CHaCOO". are composed of 
two carbon atoms, three hydrogen, and two oxygen atoms, and 
have one net negative charge. 

Electronegativity 

The tendency of an atom to lose or ga/<ii aJectrons (and conse- 
quently electric charges) has a great deal to do both with chemi- 
cal changes and W5>ih the formation and naming of compounds. 
If we look back at the pes'iodic table, we will find an interesting 
pattern of electronegativity of the elements. You might not guess 
it from the word-attack that you might make, but electronegati- 
vity means the attraction an atom has for an electron. 

Fluorine, in the upper right corner (not counting the noble 
gases, Group VIIIA) is the most electronegative element. Franci- 
urn in the lower left corner, is the least electronegative element. 
As you proceed from frantium up, or to the right, or at an angle 
both up and to the right, the electronegativity of the elements 
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increases. That is» the elements tend to gain electrons and to 
become negative ions, compared to those to the left, or below. 

Consider what would happen between fluorine atoms and 
cesium atoms. Comparatively, cesium doesn't really have much 
tendency to attract electrons, and fluorine has a big tendency 
to attract electrons. A fluorine atom may take (practically with- 
out sharing it at all) an electron from cesium. This will happen 
with all of the atoms present, if there is an ecjual number of fluo- 
rine and cesium atoms. Fluorine atoms have 9 electrons which 
are balanced by the charge on the 9 protons of the atom. If the 
fluorine atom takes one electron from cesium, then the fluorine 
atom becomes a negative ion (fluorine anion), and the cesium 
atom also becomes a positive ion (cesium cation). 

This reaction is a chemical reaction: a change in substance. 
What were atoms of cesium and fluorine are now a mixture of 
ions of cesium and fluorine, in a compound called cesium fluo- 
ride, CsF. When this chemical change takes place, heat energy 
is evolved. We can des^:ribe this reaction in symbols with an 
equation: 

Cs + F— >CsF + heat 

The first + sign, on the left, signifies "and"; the arrow signifies 
"produce": CsF signifies "cesium fluoride": the other + sign 
means **and": and you already know what heat is. There are 
other ways to read the symbols, as you might have guessed. Here 
are three ways: 

1. Cesium and Huorine produce cesium fluoride and heat, 

2. Cesium rea'cts with fluorine to produce cesium fluoride and 
heat. 

3. One mole 
of cesium 
atoms 

To a chemist the word mole (used in the statement above) signi- 
fies the amount of substance; specifically, the mass of 6.02 X 
lO^-^ atoms. (See also the definition of a mole on page 137.) The 
number 6.02 X 10^3 is called Avogadro's number after Amedeo 
Avogadro. an Italian scientist who first suggested that atoms and 
molecules, though too small to see, could somehow be counted. 
It was later determined that 12 grams of carbon (the atomic mass 
of carbon) contains 6.02 X 10^^ atoms of carbon. Today we recog- 





one mole 




one mole 




reacts 


of fluorine 


to form 


of cesium 


and heat 


with 


atoms 




fluoride 
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nize that this niinihor of tho atoms of any element has a mass 
equal to the atomic mass of the element. 

The mole of cesium atoms represcntoci !)y Cs in the equation, 
signifies {].{)2 X lO'*^ atoms of cesium, or its atomic mass of 140.1 
grams. Similarly the mole of F in the efjuation signifies 19.0 
grams of fluorine atoms (0.02 X 10-^ fluorine atoms have a mass 
of 19.0 grams, the atomic mass of fluorine). 

One other very useful grouping that turns up on the periodic 
table is that the nonmetals are in the upper right of the table, 
and the metals are in the remaining part of the table. Since 
neighbors on the table have similar properties, we can deduce 
characteristics of many of the elements from our knowledge of 
the characteristics of another element in the same group in the 
table. We have already mentioned the similarities of copper, 
silver, and gold as malleable (malle = hammer; can be ham- 
mered) metals used in coins and jewelry. Helium, neon, argon, 
krypton^ and xenon all show little tendency to react chemically 
and have long been called the "noble" gases'* Sodium and po- 
tassium, neighbors at the other side of the table, are both ex- 
tremely active chemically and must be handled with great care. 

So far we liave learned about a few elements and a few 
compounds, the periodic table and electronegativity, and several 
related ideas, such as that of the mole as a special unit of amount 
of substance, and the idea that atoms can attract electrons from 
or share electrons with other atoms. Let us look at some of the 
formulas before continuing: The correct formula for cesium 
fluoride is CsF, not FCs. The correct formula for iron oxide is 
l'e203» not 03Fe2. How do we know which element to mention 
first in the formula? To figure out the correct formula, if we 
know everything else we need to know, such as 2 iron atoms to- 
gether with 3 oxygen atoms, we use our knowledge of electro- 
negativity. After we find O and Fe in the periodic table, notice 
that f) is above and to the right of Fe. From this we can tell that 
O atoms are more electronegative than are ibu Fe atoms. We al- 
most always put the more electronegative of the two elements on 
the right and the less electronegative on the left in the formula. 
For cesium fluoride, then, it wotlld be CsF, because fluorine is 
more electronegative than cesium. Notice that we followed the 
same rule for carbon dioxide CO 2. J^nd for Vvater H2O. (The 
ammonium ion, NH4'^ , is one of the few exceptions: some years 
ago a few chemists tried to get other chemists to follow the rule 
:^ and write H^N"^ , but it didn't catch on.) 

ERIC 



Oxidation stale /33 



Oxidation state 

Another characteristic of elements which affects their reacting 
with other elements is called their oxidation state. In an over- 
simplified definition, oxidation state is the combining capacity of 
the atom. Many of these oxidation states can be "read" from the 
periodic table, as follows: 

1+ 2+ ■ 3+ 2" r 0 

lA HA IIIA VIA VlIA VIHA 

However, smiiti elements will have more than one oxidation 
slate as vve shall see shortly. 

We make use of the oxidation state in figuring out formu- 
las and also in the names of compounds. Notice Table 9, a and b. 
Elements listed in a form compounds with elements listed in b. 
Lithium, for example, will form a compound with bromine. The 
name of the compound is lithium bromide. To figure out the 
fornuila, notice the i"^ oxidation state for lithium and the 1~ 
oxidation stale for bromine. NJow, in the formula for molecules 
of a compound the sum of the oxidation states must equal zero. 
So, one 1+ (for lithium) and one 1~ (for bromine) equal zero. 
Thus, the formula is LiBr. Try another combination for cesium 
[1+ oxidation state) and oxygen (2" oxidation state). To add to 
zero we need 2 cesiums (two l+'s) and 1 oxygen [9r]\ so the 
formula is CsjO.The name is cesium oxide. You would think thai 
the name would be cesium oxygen, but "oxygen" is changed to 
*'oxide" because it sounds better. 

Once more» for aluminum and sulfur. On the periodic table 
vve see that aluminum is farther to the left lhan sulfur; conse- 
quently Al will appear first in the name of the compound. The 
oxidation slate for aluminum is 3+ and for sulfur is 2". To get 
these to equal zero we can multiply the aluminum by 2 (two 
3+*s, for ()+) and multiply the sulfur by 3 (three 2"'s, for 6*^. 
Thus the formula is AI2S3; the name is aluminum sulfide. Here, 
too, we use ' -itle** rather than the full name of the element 
sulfur. 

Notice that in this scheme, it comes out that we put the ele- 
ment with the negative oxidation state on the right in the for- 
mula. As we become familiar with oxidation states, we can use 
this information instead of referring to the periodic table when 
we are writing formulas. 
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Table 9. Some Elements and Their Oxidation States 



a. Fixed, positive oxidation state 






Symbol 


Name 




Oxidation State : 


H 


hydrogen 




1 + 


LI 


lithium 




1 + 


Na 


sodium 




1 + 




potassium 




i+ 


Rb 


rubidium 




1 + 


Cs 


cesium 




1-h 


Be 


beryllium 




2 + 


ivjg 


magnesium 




2 + 


Ca 


calcium 






Sr 


strontium 




24- 


Ba 


bariunl 




O 4- 

^ It 


B 


boron 






Al 


aluminum 




O T* 


Qa 


gallium 






b. Fixed, negative oxidation state 






Symbol 






Name 


Narr.G Oxidation State 


in Compounds 


F 


fluorine 


1 - 


fluoride 


CI 


chlorine \i 


1 - 


chloride 


Br 


bromine 


1 - 


bromide 


i 


iodine 


1 - 


iodide 


0 


oxygen 


2 - 


oxide 


s 


sulfur 


2 - 


sulfide 


c. Variable, positive, oxidation states 






Synrjbol 


Name 




Oxidation States 


Cu 


copper 




1+.2 + 


Hg 


mercury 




1+.2 + 


Fe 


iron 




2 + ,3+ 


>b 






2+.4+ : 


■ Tl 


titanium 




3H'.4 + 


Cr 


chromium 




3+.6 + 
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Next for more compounds we will use a and c in Table 9. 
That is, some elements have changeable oxidation states; a few 
of these are listed in the table. Let us try the compounds invol- 
ving copper and oxygen. We can pick either the 1+ or the 2+ 
oxidation state for copper. Pick the 1+. Since, the oxidation state 
for oxygen is 2~ and we must get a zero sum, we need two cop- 
per atoms for each oxygen atom (l\vo-l + 's for 2+). The formula 
is CujO.We can call this compound copper oxide, but we need to 
be more specific about the oxidation state of the copper. We 
want to know which oxidation state was involved. In the nomen- 
clature for such compounds we follow a system proposed by a 
British chemist Alfred E. Slock. In this widely used system we 
indicate the oxidation state by a roman numeral immcvj^ately 
after the name of the metallic or least electronegative element. 
The name of CujO then becomes copper(I) oxide. If we use the 
2"'" oxidation stale for copper and 2"~ f or oxygen, the formula 
then becomes CuOand the name is copper (II) oxide. These two 
compounds of copper and oxygen are quite different. . One is 
reddish colored, one is jet black. 

An older naming scheme used "ic and ous" endings. You can 
still find an old bottle of copper(H) oxide with the label name 
"cupric oxide," or an old bottle of iron(ni) oxide with its label 
**ferric oxide.** In fact, this is why the old scheme was discarded; 
*Mc*' for copper meant the 2+ oxidation state, but it meant the 
3"^ oxidation state for iron. This confused even the chemists. The 
Stock system is much better and is preferred by today's chemists. 

Next, we can proceed to the polyatomic cations. There is 
only one polyatomic cation of interest to us, so it has the w^hole 
of Table 10 (such as it is) all to itself. The rule used is the same. 

Table 10. One Cation Composed of More Than One Atom 

Formula Name (in o ompounds) Oxidation State 

Nh\+ ammonium """^ 

Use Table 10 and Table 9,b (or you could use Table 10 and Table 
11, jumping ahead of our story a little). Try ammomium ion and 
bromine. We get NH4Br; a 1+ and a one of each. Try a poly- 
atomic cation and a polyatomic anion. Tables 10 and 11, am- 
monium io n arc d sulfate ion. The oxidation state for the ammon- 
ium ion is l'^" (so we need two) because the oxidation slate for 
the sulfate ion is 2~^ The formula is 2 ammoniums and 1 sulfate. 
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Table 11. Some Anions Composed of More Than One Atom 



Formula 

1 \JI III UICI 




\JJ\lUailUl\ 


. OH' 


hydroxide 


1* 
1 


CN" 


cyanide 


1 


C2H3O2* 


acetate 


1" 
1 


CIO3' 


chlorate 


1 




perchlorate 


i" 
1 


NO? ' 


nitrite 


1 - 
1 


NO3' 


nitrate 


1 


HCO3" 


hydroigen carbonate 


1" 

t 


SOa^' 


sulfite 


9* 


SO4'" 


sulfate 


2" 




carbonate 


2- 


CrO, 2- 


chromate 




Cr,0,'- 


dichromate 


2" 


PO^^" 


phosphate 


3- 



We place a parenthesis around the annnnoniunn ion and write the 
"2" subscript outside the parenthesis: (NIH4)2S04. The name of 
this compound is ammonium sulfate. 

We have been speaking here of the compounds formed by 
the attraction of electrons — the combinations of ions — in what 
we call ionic bonding. Generally, this type of bonding occurs 
when metals combine with nonmetals. When bonds form because 
of shared electrons, the process is called covalent bonding (co 
= with; valent ^combination). Covalent bonds occur when non- 
metals combine with nonmetals; or*^Vvhen the electronegativity 
of the two atoms is not too different. The bonded atoms seem to 
share certain electrons. 

Rules for naming the covalent compounds are the same as 
those for naming the ionic compounds. The element at the left 
in the periodic table will be named first: NCI3, nitrogen trichlo- 
ride, for example. 

Classes of compounds 

MosJ of the compounds mentioned so far are called inorganic 
compounds. There is another very large class of compounds 
called organic compounds. Actually, for each inorganic com- 
pound known to man, there are probably more than one thou- 
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sand organic conipoiincis known. We say "prol)al)ly," because 
no one has ever taken the trouble to count the millions of 
known compounds. More are beinji^ discovered and synthesized 
every day. 

A good definitiuil of organic compounds is not possible, if 
we mean a definition all chemists would agree with. Most chem- 
ists would more or less agree that all organic compounds con- 
tain carbon atoms, usually more than one carbon atom per mole- 
cule, and mostly those two or more carbon atoms woidd be at- 
tached lo each other, and to still different atoms. 

All organic compounds contain carbon atoms, but not all 
that contain carbon atoms are organic. Sodium carbonate. 
Na2C03* is net an organic compound: and some chemists would 
say neither is potassium acetate, with the formula KCjUaOj. 
Organic compounds include compounds of biological interest, 
such as fats, proteins, carbohydrates, vitamins, hormones, DNA, 
RNA, most drugs, as well as nonbiological materials such as 
plastics, synthetic polymers (Nylon, Teflon), etc. Once it was 
thought that organic compounds could only be produced by liv- 
ing tissue (plant or animal), but this is no longer accepted. 

The structural clues and structural formulas for the various 
families of organic compounds are shown in Table 12. The first 
three are hydrocarbons (hydrogen -\~ carbon). 

Organic compounds include gasoline, and we can start our 
short excursion in the naming of organic compounds with gaso- 
line. Ordinary unleaded gasoline contains heptane, octane, 
nonane, decane, and other -anes. You can probably guess, from 
Table 13, that heptane has 7 carbon atoms per molecule, octane 
has 8 carbon atoms, nonane, 9 carbon atoms, and decane, 10. 

The ending ''-ane** means count the carbons, multiply by two, 
and a^id two more to get the number of hydrogens. For example, 
what is the formula for octane? Count the carbons: 8 (octo). 
Double 8 lo get 16 and add 2 to get 18 for the hydrogen. The for- 
mula for octane is CgHig. What is the formula for methane? 
Easy: One carbon: twice one is 2 plus 2 more is 4 for hydrogen; 
CH4 is the formula for methanve. 

We can write a general formula letting n be any number. 
For the alkane family the general formula then is CnH2n+2 
By applying this general formula for alkanes — CnH2nH-2^ 
can write the chemical formulas. If we know the chemical for- 
mula, we can name most of the compounds — all of them if we 
refer lo the international systematic nomenclature adopted by 
the International Union of Pure and Applied Chemistry. 
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TABLE 12: Organic Families 



Example of Chemical 
Type of Structural Structural General Formula 
Compound Clue Formula Formula Name 



alkane 



atkene 



-C=C- 



H H 

H-C-6-H 
I ! 
H H 

H 

1 

h-C--C~H 

I 

H 



CnH2n + 2 



ethane? 



ethene- 

(ethylene, commonly) 



alkyne 



alcohol -Oh 
(alkanols) 

aldehyde O 
II 

-C-H 



H-C=C-H 



H H 

i I 

H-C-C-OH 
\ I 
H H 

H O 

I ;l 

H-C-C-H 

I 

H 



CnH 



n"rn-2 



ethyne? {acetylene. 

commonly) 

CrHsOH 

a 

ethanol- (Pthyl alcohol, 
commonly) 

CjH.O 

ethanal- (acetaldehyde. 
commonly) 



amine -NH, 



H H 

! ! 

H-C-C-NHj 
I I 
H H 



CzHsNHz 

ethanamme (ethylamine, 
commonly) 



carboxyjic O 
acid 



-C-OH 



H O 

I (| 
H-C-C-OH 
I 

H 



CH3COOH 

ethanoic acid {acetic acid. 

commonly) 



ester O 

II 

-C-0- 



o 

ii 



CH3C-0-CH2CH3 



CHaCOOCjHj 
ethyl acetate^ 



ether -O- 



HH HH 
i I II 
H-C-C-O-C-C-H 
II II 

H H H H 



(C;H,),0 

diethyl ether {ethyl ether. 

commonly) 



ketone O O (CHajjCO 

-C- CH3.C-CH3 dimethyl ketone or 

2-propanone^ (acetone. 

commonly) 



^Intornational Union of Pure a'nd Applied Chemistry 
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TABLE 13. Carbon Atom Counting, Organic Compounds 



Tho iMuiin;^ "-imoT' (tor the alkanol or alcohol raniily) means 
count the carhons: doubie the numher and add one for <Jhe nuni- 
l)or of hych'o^ens; then add an OH to finish it. The general for- 
mula in vvhii:h n is any numher is CnH2n + l OH. Try ethanol. 
Kth- means 2 carhons. Douhle is 4 [)lus 1 makes j for the hydro- 
;^en: and add theOM.'Vhe formula for ethanol is CjMgOH. Etha- 
nol is the intoxicating substance [)resent in beer, wine, and 
li(|uors. 

How about methanol? Meth- is one carbon; twice, plus 1 
<^ives 3 for the hydrogen: remember the OH: CI i30H is the formu- 
la for methanol. The common name for methanol is wood alco- 
hol because when wood is healed, especially in the absence of 
air. so it won't burn, one of the resulting liquids is methanol. 
Methanol is also an intoxicating^, and very poisonous, litjuid. 
A few drops cause blindness, a few more cause death. It wvs 
formerly used as an antifreeze. 

Rules for tiie naming of compounds have been developed 
and agreed upon by chemists throughout the world as the re- 
sult of tfie work of internalional v::ommiliees on chemical nomen- 
clature. [1.4-()1 All newly discoverod or described compounds are 
named according to these rules, and many of the compounds 
nauKid prior to Ihe establishment of the rules have been re- 
named. One should keep in mind, however, that there are still 
many commonly used names dial do not follow the rules and 
that there are some exceptions to the general rules. The refer- 
ences list nomenclature rules of the International Union of Pure 
and Applied Chemislry and of the American Chemical Society. 



Counting prefix 



Number 



Meth- 

Eth- 

Prop- 

But- 

Pent- 

Hex- 

Hept- 

Oct- 

Non- 

Dec- 



1 
2 
3 
4 
5 

e 

7 
8 
9 
10 
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Solutions 

Chemists ofton work with special mixtures called solutions 
(solvare = loosen). Every solution has at least two components, 
a solute and a solvent. The solvent may be water, and the solute 
may be sugar, or salt. Generally speaking, we call the substance 
present in largest amount the solvent and the substance present 
in least amount the solute. If we dissolved both sugar and salt 
in a large amount of water we would have a solution containing 
Ivvo solutes (the sugar and the sail) and one solvent (the water). 
Try this with lemonade, stir in a lilllo salt; it will taste sweeter! 
(This works for grapefruit and apple pie, too.) 

All true solutions are homogeneous (homo = same; gen = 
form). For example consider coffee; is it a solution? If we ex- 
amine coffee closely, we would note that it is slightly cloudy, 
not clear. In coffee there are very tiny solid particles, suspended 
in the li(]uid. Coffee is heterogeneous (hetero = different; gen = 
form), not homogeneous; coffee is not a true solution. 

Concentration means how much of one thing we have mixed 
in with one or more other things. For example, if we think of 
people at a dance, where everyone has a partner, the concen- 
tration of boys would be 50Vf and the concentration of girls 
would be oO'A. No matter what the total number of people, half 
would h/x) boys and the other half girls. 

When chemists use the idea of concentration, they find it 
useful to modify their thinking a little. That is, they express con- 
centration as how much of one thing is dissolved in a special 
amount, not just any amount, of solution. 

They may express concentration in terms of the mass of the 
solute [)er unit mass of the solvent, or in percentage weights, or 
in the number of moles of solute per liter of solution. Concen- 
trations of the solution affect certain characteristics of the so- 
lution, such as its freezing or boiling point. A very concentrated 
solution of salt. Aor example, freezes at a lower temperature 
than a slightly concentrated (dilute) solution. 

We havv^ touched on only a few of the many changes lhat oc- 
cur as the chemical elements react, combine, recombine, in their 
never-ending changes. No wonder chemists find this such a fas- 
cinating field of study. 
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Problems and questions 

1. Describe another kind of chemical change, in addition to 
wood burning or the rusting of iron. 

2. The formula for baking soda isNaHC03. What is the meaning 
of the subscript below and to the right of the "O"? Why are 
there no subscripts for the other three symbols? 

3. Write a definition for atomic mass and a definition for atomic 
number: be sure that your definitions show that these two 
terms are different. 

4. Tell what you think the periodic table is: imagine that your 
answer is part of a letter you are writing to a friend who has 
asked about things you are learning in chemistry. 

5. In a letter to the same, or another friend, how would you 
describe a chemical equation? 

(). Use Tables 9, a and 9,b to work out the formulas and the 
names of compounds formed with the following pairs of ele- 
ments (if no compound is possible, indicate that conclusion) 
(a) strontium and oxygen; (b) aluminum and bromine: (c) 
sodium and fluorine: (d) gallium and sulfur. 

7. Use Tables 9,b and 9,c to work out the formulas and the 
ifiames of all possible compounds formed with the following 
pairs of elements (use the Stock system for the names): 
(a) coper and sulfur: (b) chromium and iodine: (c) titanium 
and oxygen. 

8. Use Tables 9,c, 10. and 11 to work out the formulas and names 
of at least six different compounds. 

9. Write the formulas for heptanol and for propane. 

References and Further Reading 
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Physics is concerned with the ?;tudy of matter and energy and 
with the rehitionships between them. Traditionally it has func- 
tioned as a quantitative and inductive science. Physicists have 
gathered quantitative data about the natural world and, from 
these data, have made generalizations or laws. To obtain quanti- 
tative data re(|iiiros measuring something. Consequently, the 
language of physics is closely tied to the language of measure- 
ment. This is one of its distinguishing features. Another is related 
to the inductive nature of physics. Inductive reasoning is a 
human function. Human minds **process" the quantitative data 
and propose the generalization or law which explains the phe- 
nomenon. Other minds constantly challenge, test, and extend the 
generalizations until they can indeed be considered laws of 
nature. 

Many of these laws have become known by the names of the 
men who successfully formulated them. Hence, the language of 
physics is rich with names of great physicists and with termi- 
nology adapted from their ciames. We speak of Charles's law, 
Boyle's law, the Doppler effect, joules, coulombs, etc' Behind 
each of these lies a fascinating human story, as well as a law (3f 
nature. 

The quantitative-inductive process 

An interesting example of the quantitative-inductive process 
from our own time is the discovery and naming of the Van Allen 
radiation belts in space. The Explorer I and III and Sputnik III 
satellites (1958) recorded atomic particle data that vvere un- 
expected from what was previously known about radiation at 
high altitudes. Physicist James Van Allen studied these data, 
made new tests using lead-shielded instruments on later satellites. 



' S«c Appendix A - Some Scientific Terms Derived from Ihe Names of 
Famous Scientists 

43 
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and from the new data concluded that bands or belts of radi- 
ation encircle the earth. 

Thus physics extends its frontiers, with each step open to 
challenge, comuelinj; theories. an(i extension of knovvledj^e. 

Science and technology 

It is o\)vious. too. \hal physics is very closely related to tech- 
nology and instrumeatation and that engineering is largely based 
on the concepts of physics. To communicate accurately about 
science, one must understand clearly the distinction between 
science and technology. Science is concerned with knowledge 
and with seeking out knowledge. Technology is the application 
of knowledge in devices and in the ways we organize to utilize 
our applications of knowledge. Yet neither science nor tech- 
nology could get very far alone. One could imagine a scientific 
society in which many persons were studying the physical world 
and carrying on experiments to seek out new knowledge. How- 
ever, without technology this would remain a very primitive kind 
of science, limited entirely to what man could experience within 
the range of his own senses. With the tfichnology of microscopes 
and telescopes, for example, man extends his scientific capability 
enormously: with the applications of the concepts of energy 
exchanges, technology converts energy into power that can be 
harnessed to do work and provide heal, in thousands of ways. 
Thus, science and technology are very closely linked, but 
remember that they arc not the same. 

The language of measurement 

When we measure something we compare one or more of its 
properties to a standard. We can measure the length and width 
and even the thickness of this page by determining how these 
characteristics com})are to a standard, such as a centimeter, a 
millimeter, or an inch, Basic to any language of measurement 
" are the agreed-upon standards. They must be easily manageable, 
reproducible, and accepted by the entire community of persons 
who ejxpecl to communicate about the mee^i^ured quantities. 
What size is the lire? 

I low much milk in a gallon or liter? 

How many kilometers to Paris? 
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Our daily conversations are filled with such quantitative ques- 
tions that can be answered only if we know the standard of 
measure. 

Science as an international language generally recognizes 
the standards included in the metric system as being the most 
coherent and the most universal. A few words about its history 
indicate the liiJefulness of this system. 

The first metric system came into being in 1790 in France as 
an effort to do away with the proliferation of systems that had 
grown up in various countries and that were hampering trade, 
particularly. This new, metric, system was a decimal system — 
that is, each subdivision and each multiple of the base unit fol- 
lowed a progression of 10. The original metric system had two 
base units, meter for length and kilogram for mass, and it was a 
coherent system in that the quantity chosen for the standard and 
its derived units were generally whole figures. Moreover, some 
value that existed in nature as a constant (the freezing point of 
water, for example) was sought for the standard. Prototypes 
were then made and placed on deposit at thc^ International 
Bureau of Weights and Measures at Sevres, near Paris, France. 
Copies are on deposit at other national centers, such as at the 
U.S. Bureau of Standards. The metric system has been a legal 
system of measurements in the United States since 1866. Our 
customary pound-yard-second system standards are defined by 
a ratio to the metric standards. Bills are now (1974) before the 
Congress to change to the metric system for our customary 
measurement system. 

Since 1790 almost all of the nations of the world have 
adopted the metric standards, and an international treaty organi- 
zation, the General Conference of Weights and Measures 
(CGPM), has expanded, developed, and refined the system. The 
modern metric system is known as Le Systeme /nternationa/ 
d^Unites, [International System of Units] (SI). This is the system 
that we shall discuss here and which it is proposed that the 
United States also follow. (2, 3] 

The SI units are divided into three classes: base units, 
derived units, and supplementary units. The seven base units are 
shown in Table 14. 

Six of the units are defined in terms of natural quantities; 
the seventh, the kilogram, is the mass of a cylinder of platinum- 
iridium alloy kept at the International Bureau of Weights and* 
Measures. The official definition.s are given in Appendix A. 
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TABLE 14. International System (SI) Base Units 



Quantity 


Unit 


SI Symbol 


length 


meter 


m 


mass 


kilogram 




time 


second 


s 


electric current 


ampere 


A 


thermodynamic 


kelvin 


K (degrees Celsius may 


temperature 




also be used) 


amount of substance 


mole 


mol 


lurranous intensity 


candela 


cd 



The vocnhiihiry of metric measurement is a very simple and 
l()j»ical one. For categories of measuirements, subdivisions and 
multiples of the base unit are denoted by the same prefixes and 
are always either 1/10 or 10 times the next quantity in the 
progression. 



For example: 

deci- 1/lOth deka- 
centi- 1/lOOth hecto- 
milli- 1/lOOOth kilo- 
micro- l/l,0Oo!oO0 mega- 



10 times 
100 times 
1.000 times 
1,000,000 times 



Refer to Table 2, Chai)ter 1 for additional prefixes for much 
smaller and much larger measurements. 

The Inlernationnl Committee on Weights and Measures 
(CIPM) recognizes that users of SI will also wish to employ cer- 
tain units which, although not part of SI, are in widespread use. 
These units, given in Table 15, play such an important part that 
they are retained for general use with the International System 
of Units. 

Tables 16 and tf show the most commonly used derived 
units in SI metric measurements. How derived units are obtained 
is discussed in the following section. 



Derived units 



All units other than the seven basic ones given above are derived 
units. Consider linear measurement as an example. Starting with 
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TABLE 15. Units in Use with the International System 



Name Symbol Value in SI Unit 



minute min 1 min = 60 s 

hour* h 1 h = 60 min = 3 600 s 

day d 1 d = 24 h =86 400 s 

degres? o 1° = ( 7r/180) rad 

minute ' V = (1/60) o = (tt /lO 800) rad 

second " 1" = (1/60)' = ( tt /648 000) rad 

litres I 1 I - 1 dm3 = lO'^ m^ 

tonne* t 1 t = 10^ kg 



* The symbol of this unit is included in Resolution 7 of the 9th CGPM (1948). 
The litre [literl is defined in Resolution 6 of the 12th CGPM (1964). 

From The International System of Units (SI). NBS Special Publication 330. 
U.S. Department of Commerce, National Bureau of Standards. Washington. D.C. 
1972. P. 13. 

the bilsic unit, length, we can describe the Hnear distance be- 
tween two points as a certain number of millimeters, centimeters, 
decimeters, meters, dekameters, hectameters. or kilometers (or 
of any other units of length, such as inches or feet). 

Now, if we measure Hnear distance in two dimensions, we 
can derive a unit for describing area, the square centimeter (cm^) 
or the square meter (m^). The relationship between these units 
is: One square meter equals 10^ square centimeters (100cm X 
100cm).2 

If we measure the linear distance in three dimensions, we 
can derive a unit for describing volume, the cubic centimeter 
(cm^) or the cubic meter (m^). The relationship between these 
units is: One cubic meter equals 10® cubic centimeters (100cm X 
100cm X 100cm). Another unit for volume in the metric system is 
the liter (Creek for "weight.*' since formerly a liter was defined 
in terms of weigiitj. The word liter is now employed as a special 
name for the cubic decimeter. [3. p. 30] 

This l)rings us to our second basic unit, mass. Mass is an 
unchanging property of a body and is more or less its "amount." 
Combined with gravitational attraction, mass gives an object 
its "weight." The measured weight of an object when on the moon 



* For a discussion of oxponenfs. s«o Chaf)ler 4. 
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TABLE 16. SI Derived Units Expressed in Terms of Base Units 

SI Unit 

Quantity Name Symbol Expression in terms 

of SI base units 



area 


square meter 


m2 


volume 


cubic meter 


m^ 


speed, velocity 


meter per second 


m/s 


ClOUdd ClllU 1 1 


rnpfpr npf Qpcond souared 


m/s^ 


wave number 


1 per meter 


m"^ 


density, mass 


kilogram per 


kg/m^ 


aensiiy 


cubic meter 




concentration 


mole per cubic 


mol/m^* 


(of amount of 


meter 




substance) 






activity (radioactive) 


1 per second 


S-1 


specific volume 


cubic meter per 


mVkg 




kilogram 




luminance 


candela per square 


cd/m^ 




meter 




heat capacity, 


joule per kelvin 


J/K 


entropy 






thermal conductivity 


watt per meter kelvin 


W/(m-K 


molar energy 


joule per mole 


J/mol 


electric charge 


coulomb per 


C/m^ 


density. 


cubic meter 




electric field strength 


volt per meter 


V/m 



m2.kg.s~^-K"' 
mkg-s~ 



-3 



m^. kg-s 

-3 



m' 



s-A 



m-kg-s"^ -A' 

From The International System of Units (SI), NBS Special Publication 330, 
U.S. Department of Commerce, National Bureau of Standards. Washington, D.C. 
1972. Pp. 7, 9. 

will differ from thai as measured on earth, though the mass 
remains unaltered. Therefore, if you are on a diet, you might 
prefer to be weighed on the moon. There is, incidentally, for 
each object, a center of gravity and a center of mass. We tend to 
speak of the center of gravity when endeavoring to balance 
things. The center of mass is not often heard colloquially, but 
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TABLE 17. SI Derived Units with Special Names^ 

SI Unit 

Name Symbol ^^P^^ssion Expression 
in terms in terms 
Quantity other of SI base 









units 


units; 


frequency 


hertz 


Hz 






force 


newton 


N 




mkg-s-2 


nrf»<?<?ure 


*yf\J O W C4 i 


Pa 


N/m^ 


nTl'kn'C'2 
1 1 1 r\y b 


energy, work, 
quantity of heat 


joule 


J 


N-m 


m2-kg-s'2 


power, radiant 
flux 


watt 


W 


J/s 


m^-kgs"^ 


quantity of electricity, 
electric charge 


coulomb 


C 


A-s 


s-A 


electric potential, 
potential difference, 
electromotive force 


volt 


V 


W/A 


m2. kn. A - 1 


Uct pet U 1 let 1 i^t; 


farad 


r 


U/ V 


m 'Kg 'S 'A^ 


electric resistance 


ohm 


o 


V/A 


m2-kg-s-^-A'2 


conductance 


Siemens 


s 


A/V 


m'2-kg-^-s^-A2 


magnetic flux 


weber 


Wb 


V-s 


m2-kg-S"2.A-^ 


magnetic flux 
density 


tesla 


. T 


Wb/m2 


kg-s-2.A-^ 


Inductance 


henry 


H 


Wb/A 


m2-kg-s'2.A'2 


luminous flux 


lumen 


Im 




cd-sr b 


lllumincince 


lux 


Ix 




m'^-cd-sr^ 



^ See also Appendix A— Some Scientific Terms Derived from the Names of 
Famous Scientists. 

b In this expression the steradlan (sr) is treated as a base unit.- 
From The International System of Units (SI), NBS Special Publication 330, U.S. 
Department of Commerce, National Bureau of Standards, Washington, D.C. 1972. 
P. 8. 

the first American astronauts to land on the moon mentioned it 
to the TV audience. Their weight had changed but not their 
center of mass, and they had to be careful not to lose their 
balance and fall over while enjoying their new lightness. 
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Using our linear units and our second basic unit, the kilo- 
gram (mass).. we can derive another useful unit. This is density 
(dens == thick), the ratio of the mass of a substance to its volum?. 
We can express this in such terms as kilograms per cubic meter 
or grams per cubic centimeter. An understanding of the concept 
of density can help clarify the "why" of such well-known phe- 
nomena as wood and oil or alcohol floating on water. Water has 
a density of about one kilogram per cubic decimeter. Ethanol 
(ethyl alcohol) has a density of about .789 grams per cm^ at 20OC. 
The alcohol is lighter than water and therefore floats on it. 

If we now bring time into consideration, we can derive some 
concepts and measurement units concerned with motion, namely 
constant velocity and acceleration. 

Scientists have given the name newton (N) (after the British 
physicist Sir Isaac Newton) to the unit of force which gives a 
mass of one kilogram an acceleration of one meter per second 
squared (m/s^). This means that the object was increasing its 
velocity l)y one meter per second every second. Thus, starting 
from rest, the object was traveling at the rate of one meter per 
second at the end of the first second, two meters per second at 
the end of the next second, and so on. 

We are now in a position to consider the amount of work 
done when a force of one newton acts over a distance of one 
meter. This is called one joule (J) (after the English physicist 
and brewer James P. joule), and it represents the units of 
newtohs meters (N-m). If you move an object 20 meters while- 
pushing in that direction with a force of one newton, you do 20 
joules of work. 

If we wish to work with smaller masses and distances, we 
might use grams and centimeters. The unit of measurement 
would be termed the dyne (dyn = power), which is defined as 
the forC(i which gives a mass of one gram an acceleration of one 
centimeter per second squared (cm/s^). Its value in SI units is 

From force and distance we can speak of work (a term that \ 
is related to the Greek erg, which means work). Work can be 
defined as a force acting over a distance. ^ The value of 1 erg in 
SI units is IO*^J. 



^ Dyne nnd erg are units from the CGS (centimeler-gram-second) system. 
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The inductive process 

Once physicists have established measurement standards and the 
.instruments necsssary to measure and record data from their 
observations, they turn to inductive reasoning to try to discover 
patterns and meaning and to build larger concepts from their 
observations. Some of the techniques used in this process are 
mentioned in the following paragraphs and in the chapters on 
Mathematics and Statistics. 

Formulas 

Like chemists, physicists have their own shorthand ways of 
recording and communicating their observations and the rela- 
tions between them. Like the chemists, too, physicists use many 
well-established and accepted symbols in their sh^)rthand 
language of formulas. For example, take this simple example of 
describing speed: 

distance traveled 
The word formula is; Average speed = elapsed lime 

In symbols, the formula is ^'av"^T • ^' accepted symbol for 
speed, av, of course, is an abbreviation for average, a is the 
Greek letter delta which means "the change in . , when it pre- 
cedes another symbol. Arf meavns the change in position (or dis- 
placement) is the time elapsed. 

If we are interested in the change in speed, which is called 
acceleration, the formula fer this becomes ^av^'A?- 

Symbols and formulas are like the vocabulary of a foreign 
language. One learns and practices the terms that are most fre- 
quently used and looks up the others as needed. 

See also Appendix A, 'The Greek Alpheibet and Some Uses 
of Greek Letters in the Science Vocabulary." 

Graphs and curves 

Another much-used means of communicating relationships in 
physics is through graphs or curves. Certain relationships will 
always produce a curve of a certain type. Vice versa, certain 
types of curves can always be interpreted into a formula for a 
certain kind of relationship. 

P'igure 3 shows two examples of formulas and the resulting 
curves. 
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FIGURE 3. Graphs of Relationships 




Volume 



Pressure-volume relation of a gas 
under constant temperature. 




Velocity it/-) 



Kinetic energy varies directly as the 
square of the velocity. 

From Schaaf, William L, Basic Concepts of Elementary Mathematics, 
John Wiley & Sons, Inc. New York 1965. Pp. 258.259 
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Card file of physics terms 

A good technique to help y(ju become familiar with the terms 
used in physics is the development of a card file. Using cards and 
the outline suggested below, you can begin to collect a useful file 
of study and review information and a permanent reference file. 

Sample card for filing physics terms 



Name of term - watt {a derived unit Symbol or W 
of the International abbreviation 
System) 

Area of use, category, 

or physical quantity Power 

measured 

Definition - Watt is the power which gives rise to the pro- 
duction of energy at the rate of one joule per 
second. 

Conversion to other units - 

Applicable formulas - W = ]/s (joule per second) 

Thermal conductivity = watt per meter-Kelvin (W/m- K) 

Problems and questions 

1. Starting with the basic units of mass, linear distance, and time, 
derive the units necessary for using Ohm's law. 

2. A common phenomenon pertaining to several types of energy 
propagation is the fact that their intensity (or strength) 
diminishes in a particular way with respect to distance from 
the source. See how many of these different cases you can 
identify, and develop a mathematical statement for the rela- 
tionship involved. 

3. The phenomenon of resonance is another example of com- 
monality of action among different types of energies. See how 
many different cases you can identify and investigate the 
devices which use this phenomenon for practical purposes. 

4. According to one expression, "A pint's a pound the world 
around.** How much does a pint of water weigh in grams, and 
under what condilions? 
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5. Check your newspapers, populajr magazines, and perhaps 
even TV specials to see how far the language of physicsj has 
penetrated pul)lic usage and presumed public grasp. Compare 
this with the use of the languages of the other sciences* 
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Because the earth and space sciences include astronomy, geology, 
meteorology, oceanography, and other related areas of science, 
there are *'local dialects" belonging to each of the disciplines. 
Mere we will consider chiefly the language that we use in orient- 
ing ourselves to time, to our physical location on the earth and 
in space, and to some of the major characteristics of the earth, 
a^tmosphere, and space. 

Time and navigation 

The earlh is approximately a sphere; therefore, it is 360 degrees 
in circumference. The earth rotates on its axis once every 24 
hours. That is, the sun appears over New York City and then 
appears again in roughly the same position 24 hours later. This 
means that it takes the earth one hour to rotate (with respect to 
the sun) 15 degrees. Consequently, if it is 12 o'clock noon in New 
York City, it is 11 A.M. in Chicago, which is roughly 15 degrees 
west of New York City. In other words, the sun will not reach its 
highest point above the horizon (the noon meridian; meridies = 
noon) in Chicago for another hour. This is the basis for the terms 
A.M. (ante meridiem = before noon) and P.M. (post meridiem = 
after noon). 

Theoretically, if il is 12 noon in New York City and 11 A.M. 
in Chicago, it should be half past 11 in Cleveland, which is 
approximately halfway between them. You can see that this 
would mean that even nef/ghborin^^ towns might have different 
local times. To overcome this difficulty, standard time 2ones» 
each 15 degrees wide, have been established around the circum- 
ference of the earth. ^ (How many of these zones would there 
be?) 

'Whihi, in principle, lime zones are 15 degrees wide, in reality they vary 
both in si/e and in shape because Ihe countries of the world establish the time 
zones within their boundaries: and sometimes they wish to include all or a major 
part of the country in a sin^jle zone. Tn see how this works out, refer to a large 

55 
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The starling point uf th(i /ones is considered to ho the "prime 
meridian/* which passes throuj^h Greenwich. Enj^hind. Hecause 
of the apparent motion of the sun around the earth, those zones 
to the west of the prime meridian are considtjred + zones, those 
U) the east, — zones. New York City is aj)j)roxiniately 75 degrees 
west of Greenwich and is in the +o zone. One would have to 
add five hours to local New York time to determine the local 
lime in Greenwich (Greenwich mean time = GMT). This concept 
of lime zones is very helpful in locating a position on earth, as 
we shall .see. There are some exercises at the end of the chapter 
dealing with time zones, but for now: Where, on the earth, do the 
i)l;us and minus zones meet? 

To locate a position on our planet, we need to determine 
the latitude (lat=\vide) and longitude (long = long) of the position. 
(See iMgure 4.) Parallels of latitude are imaginary lines encircling 
the earth north and south of the equator and parallel to it. 
iMeridians of longitude are imaginary lines encircling the earth 
and passing through both the north and south geographical poles. 
These should be referred to as parallels or meridians. One 
possible source of confusion in dealing with these two terms is 
the fact that parallels of latitude, which run east and west, 
represent distances north or south of the equator (equator = 
equalizer), while meridians of longitude that run north and south 
represent distances east or west of the prime meridian. One 
way to clarify these relationships is to learn the navig-ational 
"address" of your own city or town. Thus, the address of Nor- 
folk, Virginia, is approximately 37^^N latitude and approximately 
7i]o\\i longitude. 

How then can one determine the specific coordinates for a 
given location on earth? Obviously, one must determine the 
navigational address, that is, the latitude and longitude values 
for that position. The process is simple in theory but more 
complicattjd in practice. From our discussion regarding time 
zones, do you see that you could determine your longitude with 
a time signal and an accurate watch? If, as a short-wave radio 
gave you the exact time in Greenwich, you recorded the exact 
local time from your watch, the difference between these two 

alijis. such as The World Book Alios. (Kiold Bntcrprisos Kdticati'onal Corporation. 
Chicago. 1U71. Pp. 226-227.) 

Univiirsal limo is often usod in astronomy. It is an internationally agreed- 
upon time that is the same as Greenwich mean time and uses a 24-hour clock, 
starling with 0 at midnight Greenwich mean time. 
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FIGURE 4. Longitude and Latitude 
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The diagrann above indicates the- nneridians of longitude in a projection 
centered on the North Pole. The projection below illustrates the parallels of 
latitude in a sphere centered on the equator. Note that the nneridians of 
longitude pass through both poles and that the parallels o?t' latitude are 
parallel to the equator. 
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values would loll you how many 15-degroe se^,'monts (time 
zones) you were from the prime meridian, or your approximate 
longitude. Mow do you decide whether your longitude is east or 
west? Do you see that if your local time is earlier than Green- 
wich time, your longitude value is west, and that if your local 
time is later than Greenwich time, your longitude is east? (Try to 
work problem 1 at the end of the chapter to see whether you 
understand this idea.) 

How do we determine the latitude of a particular location? 
One method that can be used in the northern hemisphere in- 
volves finding the altitude of the north star, Polaris (polaris = 
polar). The altitude is the angle between the star and the horizon. 
This is usually done, for purposes of accuracy, by using a sextant 
(sextans = sixth part of a circle). However, a simple protractor can 
be used to roughly find the angle between the horizon and 
Polaris. In general the allilude of Polaris is equal to the latitude 
of the observer. Figure 5 is a nonscaled diagram showing the 
mathematical basis for this determination. Can you prove geo- 
metrically that the angle at the observer (angle Ojis equal to the 
angle from the equator (angle El? 

As you might imagine, the more accurate the instruments 
used and the measurements obtained, the more precise is the 

FIGURE 5. Determining Latitude in the Northern Hemisphere 



Because of th© great distance between the earth and Polaris, the star sight 
line and the polar axis are essentially parallel lines. Thus angle O (the al- 
titude of Polaris) is equal to angle E (the latitude of the observer). 
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descriplion the geographical position of the particular lo- 
cation. Some references which discuss navigational theory in 
more detail are listed at the end of the chapter. 

Geologic time 

Having attempted to locate ourselves on the surface of the earth 
and in present time, we next try to locate ourselves in the sweep 
of geologic time. This year, this hour, this minute, are but the 
latest time increments that extend backward to an unknown 
dimension and forward to an unpredictable future. Today, the 
earth is thought to be at least four and one-half billion years 
years old. Earth scientists have developed the Geologic Time 
Scale as a calendar of past time and events. (See Table 18) Let 
us consider the language of that calendar. 

TABLE 18. Geologic Time Scale 



Era 



Period 



Epoch 



Millions of Years 
since beginning 
of each (Approx.)« 



Cenozolc 
(recent 
animal life) 



Quaternary 
(follows Tertiary) 



Tertiary 
(Mesozoic was 
once named 
the Secondary) 



Recent .01 

Pleistocene 2 
(most recent) 

Pliocene 12« 
(more rf?cent) 



Miocene 25 
(less recent) 

Oligocene 38 
(scantly recent) 

Eocene 55 
{early recent) 

Paleocene 65 
(ancient recent) 
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Millions o1 Years 



Era 


Period 


since beginning 
of each (Approx.)a 


Mesozoic 
(middle 
animal life) 


Cretaceous 
(chalk = creta 
in Latin, cliffs 
of English Channel) 


135 




Jurassic 

(Jura Mountains, Switzerland) 


180 




Tfiassic 

(refers to threefold division 
of rocks in Germany) 


225 


Paleozoic 
(ancient 
animal life) 


Permian 
(province of 
Perm, Russia) 


275 




Carboniferous: 

Pennsylvanian 

(Pennsylvania; same as 

the "Coal Measures'* of Britain) 

and 

Mississippian 
(Mississippi Valley) 


350 


• 


Devonian 

(South Devon, England) 


413 


Paleozoic 


Silurian 

(SHures, Celts who 
ruled this part of Wales 
and Shropshire^ England) 


430 




Ordoviclan 500 
(Ordovices, ancient tribe in North Wales) 




Cambrian 

(Cambria - Latin for Wales) 


600 



Pre- Cambrian 3,000 + 



a Dunbar, Carl 0., and Karl M. Waage. Historical Geology. Third Edition. 
John Wiley & Sons. Inc., New York. 1969. P. 16. 
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It is. fairly easy to designate a distinct point in relatively 
recent time. For instance, we may say that thti Armistice Agree- 
ment ending World War I was signed at 11 A.M. on November 11 
in the year 1918. This would seem to be a rather definite dcsccip- 
tion of the time of the occurrence of the event. However, even 
that description is incomplete because, although it was 11 A.M. 
in Compiegne (France), it was 6 A.M. in New York City and 3 
A.M. in San Francisco. (We just saw that the time zones cause 
ihese differing local descriptions of standard time.) We need to 
know the location as well as the lime. 

As we go back further in recorded history, the description 
of the time of a specific event becomes even more nebulous. The 
best we can say about the reign of King Tutankhamen in ancient 
Egypt is that it occurred in the 14th century B.C. Consider, then, 
the problem of accurately describing when an event took place 
in the long history of earth before man was present to observe or 
record the event. The Geologic Time Scale was developed by 
geologists in an attempt to define blocks of time (measured in 
millions of years) in which specified events or conditions 
occurred or were present. Thus most paleontologists (paloo = 
ancient, onto = being or thing, logy = study of: students of 
ancient life forms) agree that the most characteristic arthropod 
of the Cambrian Period was the trilobite (three lbV>5^j and that 
this organism faded into extinction by the end of the Paleozoic 
Era. To read about the evidence and reasoning processes by 
which scientists developed and improved the Geologic Time 
Scale is as exciting as reading a good detective story. Some books 
that may get you started are listed at the end of the chapter. 

As you examine the Geologic Time Scale, notice several 
important things about it. Eras are the largest divisions; then 
periods; then epochs. The names given to the eras are descriptive 
of the type of animal life (i.e.. paleozoic = ancient animal life) 
that, in the evolutionarv sense, wa s most common. Thus, the 
name of the era shciilri suM^Just to you the kinds of animals pres- 
ent, or the kinds of animals present should suggest to you the 
name of the era. 

The names of the geologic periods are based partly on evi- 
dence of major disturbances of the earth's crust. Usually, the 
name of the period reflects the name of the location where rocks 
deposited during a particular time interval were first described 
or are best displayed. 

The periods of the most recent era (Cenozoic) are sub- 
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divided into epochs. The names given lo ihe epochs (epoche = 
fixed point) were created from a Greek word meaning "recent" 
(the ending -cene) and the appropriate prefixes. In general usage 
the prefixes are treated as referring to their comparative* recent- 
ness, and they are so identified in Table 18. In point of fact, how- 
ever, there is an interesting bit of history here also. Four of the 
six names actually express the percentage of species living during 
those epochs which have survived into modern times. Thus 
Pleisto means "most," PHo means "more." Mio means "less." 
and Oligo means "few." Of the remaining two names, Paleo 
means "old" or "long ago" and Eo means "dawn," the dawn of 
recent living things. 

With respect to remembering the names given to the epochs, 
the student is presented with a problem, One should know the 
relative sequence of the epochs so that one can recognize that 
something that occurred in the Eocene preceded something ihiit 
occurred in the Miocene. Perhaps a practical solution is some 
mnemonic (memory aid] device such as: Pass Every One More 
Pizza Piease, which helps one recall the sequence from oldest 
to most recent epoch and gives, clues to the names. The mean- 
ings of the prefixes for the names of the epochs may also give 
some help in remembering their sequence in time. 

Finally, the relative lime of occur rence is the basic reason 
for the construction of the Time Scale in the first place. Hence, 
some understanding of the time factor is essential. There are two 
aspects to the time factor: (1) how long ago the particular span 
of time occurred (started or ended] and (2) how long the span 
of time lasted. Because we are dealing with rough estimates and 
in millions of years, the data supplied in the fourth column of 
Table 18 should be sufficient for most purposes. 

Geologic stratigraphy (strat = layer, graphein=to write; the 
study of rock layers] and phylogeny (phyle = tribe, gene = 
procreate; the study of evolutionary development of biota) estab- 
lish only relative time values {older or younger). The absolute 
time scale was developed by v.rAng radioactive decay and by de- 
termining the ratio of unstable and stable isotopes. This ratio 
change*^ slowly with tin]e and depends on the half-life of the par- 
ticular radioactive element that is used for the time detF»rmi- 
nalion. 

In any event, the Geologic Time Scale represents a magnifi- 
cent achieveraent of the minds of men as they attempted to 
encompass in one scale the panoramic sweep of the history of 
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our planet and of the events and conditions that have existed on 
\i. It is certainly one of the important pages in the dictionary of 
science. 

Our space vehicle — the earth 

When vve look around at our space vehicle, we can easily recog- 
nize its three most distinctive and important regions — the solid 
earth, the oceans and other water surfaces, and the atmosphere. 
These have their own descriptive names: 

Lithosphere (litho = stone; sphaer = sphere), the solid 
crust of the earth 

Hydrosphere (hydro = water; sphaer = sphere), vvater- 
and ice-covered areas 

Atmosphere (atmos = vapor; sphaer = sphere), air sur- 
rounding the earVh 

Now that we understand better where we are in time, it is easy 
to realize that many changes in the earth must have occurred 
over this long, long history. Let us examine our earth as it is 
today. Beginning with the lithosphere, let us see how earth 
scientists explain the physical and chemical conditions that 
presently exist. To do this we will need to examine some of the 
language of physical geology and mineralogy. 

Physical geologists have identified many forces or processes 
which have changed the earth throughout its existence. Table 19 
provides a list of some of these processes and their definitions. 
To study and understand the forces underlying these processes, 
one needs to know the language of physical geology. 

Physical geologists have developed special terms for the 
various processes shown in Table 19. As you study in these areas, 
you will find that the process of word analysis which you learned 
in Chapter 1 on Language and Communication will be very help- 
ful. For example, the processes of diastrophism (diastroph = 
distorted) sometimes result in the formation of synclines (syn = 
together, clin = slope), that is, layers of rocks which slope down- 
ward to form the troughs in geologic folds. 

Thus the language of physical geology attempts to help us 
understand the physical nature of our earth — how it acquired its 
present state and what it might become in the future. 

The geochemist and the mineralogist help us understand the 
chemical nature of the earth and its storehouses of natural 
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TABLE 19. Forces and Processes That Have Changed the Earth 



Process 



Definition or Description 



Weatiiering The combined and interacting effects of the 

chennical processes (such as dissolving, 
oxidation, and hydration) and physical factors 
(such as tennperature, weather generally, and 
mechanical forces) which favor the dis- 
integration of rocks near the surface. 

Metamorphism The extreme temperature and pressure effects 

upon rocks that cause changes in their tex- 
tural, mineralogical, and structural composition. 

Erosion The wearing away of the surface of the earth 

through the combined effects of running waters, 
avalanches, landslides, ice, wind, and gravity. 

Transportation The movement of loose materials from 

place to place. 

Deposition The laying down of the transported materials. 

The term aggradation signifies the building 
up of the earth's surface; the term degradation 
implies the lowering of the surface. 

Diaslrophism The movements of parts of the earth's crust 

through the action of internal forces, such as 
the lateral and vertical compressional and tenslonal 
forces which result In foldings and faultings. 

Volcanism The processes which involve volcanoes and moUen 

rock. 

resources. The geochemist is concerned with broad associations 
in petrogenesis (peiro = stone, genesis = formation) and with 
differences in the occurrence of elements in the various depths 
of the earth and on the moon and other celestial bodies. Mineral- 
ogists are principally concerned with individual types of rocks 
and. minerals. In addition, mineralogists are concerned about the 
shape and structure of minerals and whether they are crystalline 
or amorphous (a = without, morph = shape). Six basic crys- 
tal systems have been established and are extremely useful in 
identifying the nature and properties of some minerals. Table 20 
describes these systems. 

A knowledge of the properties of crystals, their internal 
structure, and the conditions affecting their development is of 
great economic and scientific importance. The crystal structure 
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TABLE 20. Crystal Systems 



Crystal 
System 



Description 



Figure^ 



Isometric (iso = equal, metr = 

measure) Crystal has three 
crystallographic axes of equal 
length and at right angles to 
each other. 

Tetragonal (tetr = four, gon = angle) 
Crystal has three axes that 
intersect at right angles; the 
two horizontal axes are equal 
in length; the vertical one is 
either longer or shorter than 
the horizontal axes. 

Orthorhombic (orth = straight, upright; rhomb 
= a parallelepiped with equal 
sides) Crystal has three axes, 
each of different length, which 
intersect each other at right 
angles. 

Monoclinic (mon = one, din = slope) 
Crystal has three axes of 
unequal length, one vertical, 
one horizontal and at right 
angles to the other two, and 
one inclmed to the vertical axis. 

Triclinic (tri = three, din = slope) 

Crystal has three axes of 
unequal length, no two of 
which intersect at right angles. 

Hexagc>^al (hex = six, gon = angle) 

Crystal has four axes, three of 
equal length in a horizontal 
plane intersecting each other 
at angles of 60°, the fourth at 
right angles to the other three. 



1 ! vi^ 







n: 




a Illustrations reproduced with permission from The World Book Encyclo- 
pedia. Vol. 4. Field EfMerphses Educational Corporation, Chicago. 1971. P. 930. 

See also Van Nostra nd*s Scientific Encyclopedia, Fourth Edition. Van Nostra nd 
Reinhold Company, Inc., New York. 1968. P. 466, 
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helps determine many of the properties of minerals and the rocks 
which they compose. A very interesting reference for working 
with and learning more aI)oiit crystals is mentioned at the end of 
the chapter, (See reference 13. 1 

Meteorology 

The atmosphere 

As our present explorations in space and the effects of 
environmental pollution are both making increasingly clear» a 
very major and vital characteristic of the earth is its envelope 
of atmosphere. 

Thus, while geologists help us understand the earth beneath 
us and the materials in it, meteorologists (meteor = high in the 
air, logy = study of) help us understand the atmosphere around 
and above us and its influences on our lives. Ta!l)le 21 shows the 
major regions of Ihe almosphere. 

TABLE 21 . Regions of the Atmosphere 



Kilometers 

above sea level ^ Region 



1,000 


Exosphere (outer space) 


500 


Ionosphere (ionized layers) 


100 




90 




80 


Mesospher© (middle) 


70 




60 





50 Stratosphere (upper atmosphere) 

40 

30 

20 



10 

0 Troposphere (inner) 



^ The boundaries indicated are approximate and. in any event, are not sharp 
dividing lines but a merging of one layer into another. 
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The vocabulary of weather forecasting 

The language of the meteorologist is the language of the weather- 
man and the climatologist. Meteorologists study the weather for 
purposes of analysis and prediction, but the two aspects are 
never completely separate. Although many factors enter into 
weather prediction, two important concepts are the air mass and 
the front. An understanding of what these concepts mean and 
how they aid in forecasting is essential to facility in the language 
of atmosphere analysis and weather prediction. 

An air mass is an "island" of air moving in the troposphere 
(trop = change, sphaer = sphere; part of the . atmosphere 
next to the earth's surface, where most of our weather occurs). 
The term refers to the fact that an airstream of importance to 
local weather can he identified by its source region -the area 
where the temperature and humidity characteristics of the mass 
of air have been determined by its relatively long existence in 
a certain locality. There is a close relationship between certain 
types of air masses and certain types of weather. 

Various systems have been proposed for the classifying of 
air masses, but that most commonly used is the Bergeron system. 
Air masses are divided first according' to the thermal nature of 
their source regions, which are either polar (P). tropical (T), or 
(occasionally) arctic or antarctic (A). Then these are classified 
according to moisture, as continental (c,^ or maritime (m). Finally 
the mass is distinguished as to whether il Is warm (w) or cold (k) 
as compared to the region over which it is moving. 

The following diagram indicates how these symbols can be 
used in classifying and identifying air masses, We can see that a 
report reading cPk would mean that a polar air mass that de- 
veloped over continental regions is moving over a place which is 
wanner than the air mass. 



APT 




cA mA cP mP cT mT 




cAk CAw mAk mAw cPk mPw mPk mPw cTk cTw mTk mTw 

Classificatjon of air masses. From Van Nostrand's Scientific Encyclopedia. 
Fourtli Edition. Van Nostrand Reinhold Company, Inc., New York. 1968, 
P. 42. 
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The front concept pertains to n fairly narrow zone between 
two large air masses which differ in density and almost always 
differ in temperature, too. Sharp temperature and huirvidity 
gradients here may be accompani(»d by extensive clouds and rain. 
There is a generally predictable relationship between the type 
of front and ensuing weather patterns. For example, a forecaster 
knows that an approaching warm front (warm air replacing cold) 
will probably be preceded by high-level clouds and falling 
barometric (baro = pressure; meter = measure) pressures, 
resulting in rain and lowered cloud cover. 

Obviously, fronts are not static things and are changing 
constantly as they move across the terrain below them. However, 
certain generally predictable trends characterize various types of 
fronts. Table 22 shows the usual observations connected with a 
warm front. Such characteristics are also identifiable for other 
types of fronts. 

TABLE 22. Some General Characteristics of a Warm Front 

Observations Air ; Dew Pressure Cloud Types 
Temperature Point 



In cool air Lower Low 
ahead 
of front 

In warm air Higher High 
behind 
front 



Gradual, 
then 

rapid drop 

Slow fall, 
then 
leveling 
off 



Stratiform 
with increasing 
vertical development 

Stratiform, changing 
to types with great 
vertical extent 



Cloud vocabulary 

Clouds are made up of condensed or frozen moisture and are 
useful indicaiors of weather conditions al)0ve the cnrth. Not 
only the amount of cloud cover (which could affect surface 
temperature) but the sizes and shapes of the clouds themselves 
provide evidence to aid the meteorologist. 

Clouds may be classified in various ways — by their location 
in the atmosphere, as high, middle, or low clouds; or by their 
general appearance — and even the number of recognized classifi- 
cations varies. Mowever, a recognition of three basic cloud forms 
is a good beginning. 
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TABLE 23. Cloud Types 



Height Cloud Name Abbreviations 
and Symbols 



Low Stratus 

clouds 

below 

6.000 feet 



(1.8 km) 



St 



Stratocumulus Sc 



Nimbostratu 



s Ns 



Description 



Sheetlike, foglike 
layers 



Relatively homogeneous 
layers, generally 
covering substantial 
portions of the sky 

Sheetlike layers 

of dark storm clouds 



Weather 



Precipitation 
rare; 

drizzle, overcast 

Associated with 
strong 

surface winds, 
following rains 

Continuous 
rain or sleet 
or snow 



twiddle 
clouds 
6.000 to 
18.000 feet 

(1.8 to 
55 km) 



Altocumulus 



Altostratus 



Ac 



As 



Round, patchy 
clouds in 
rows 



Heavy, gray sheet 
of cfoud 



Fairly stable 
weather 



Rain or snow 
soon 



High 
clouds 
18.000 to 
AO. 000 leet 

(5.5 to 
12.2 km) 



Cirrus Ci ^ 



Cirrocumulus Cc 



Cirrostratus 



cs 2^ 



Vertical Cumulus Cu y/V^ 

clouds 

surface to 

40.000 + feet 

(12.2 km) Cumulonimbus Cb 



White, wispy 

semitransparent. 

feathery 

Lumpy bands, 
stripes of 
clouds: the 
"Mackerel sky" 

Thin, transparent 
veils 



Thick, willowy 
flat-bottomed 
clouds 

Towering, anvil- 
shaped with 
strong shadows 



Fair weather 
ice-clouds 



Fair weather 
clouds 



Thickening; 
implies bad 
weather 
(precipitation 
coming) 

Generally fair 



Bad weather: 
hail, thunder- 
storms, gusty 
winds 
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The cirrus clouds (cirr = curl of hair) have a wispy, filmy 
appearance. They ave high clouds, predominately conriposed of 
ice crystals. 

The cumulus cloutis (cumul = heap, mass) are heaps of fleecy 
white condensed moisture. 

The stratus clouds (slral == layer) lend to appear as long 
sheets of condensed moisture, lacking distinctive shapes. 

Other terms are used in describing modifications of the basic 
cloud types. Alt ( = high) and nimb ( = rain cloud) are sometimes 
used as prefixes to modify the basic cloud type description. 
Table 23 provides a list of the commonly employed cloud names, 
their general description, and their weather implications. From 
word analysis skills alone one would expect that a nimbostratus 
ly|)e cloud vvould be a dark formless cloud and an omen of bad 
weather. Table 23 agrees with this analysis. 

The hydrosphere 

The oceans cover nearly three-fourths (70.87/) of the earth's 
surface and have always played a major role in man's existence 
on the earth. The language of the oceanographer (or oceanologist) 
is a cosmopolitan language in that it incorporates some of the 
language of the biologist, the chemist, the physicist, the geologist, 
and the meteorologist. Water (rivers, lakes, ground water) and 
ice (glaciers and permanent snow on land) are the province of 
the hydrologist. In the oceans, and to some extent, in the other 
areas. of the hydrosphere (rivers, lakes, glaciers, and ice caps) 
each of these specialists has an extensive domain of study with 
its own peculiarities and differences from the solid areas of the 
earth's surface. 

In ancient times, oceans were a restricting feature for the 
world s people. The edge of the vvorld lay out beyond the sea 
horizon. Gradually the oceans became increasingly used for 
transportation, and when it was established that the earth was 
round, the seas became even more important as links between 
countries, offering paths for exploration, communication, and 
transport. Always, the seas have been important as sources of 
food for coastal peoples. Today our view of the hydrosphere is 
greatly concerned with the resources of the oceans and the 
dynamic role of the oceans in water and energy exchanges on a 
global scale. 
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FIGURE 6. The Structure of an Ocean Basin 

intertidal zone 




coastal plain 



Weisz. Paul B. The Science of Biology. McGraw*Hill Book Company, inc.. New 
York. 1963. P. 147. Used with permission of McGraw-Hill Book Company. 

Figure (5 shows a cro.ss section of an ocean basin as a biologist 
sees the ocean. His interest is in the areas and conditions that 
support life in the ocean. The intertidal zone — the coastal area 
between high and low tide — is a harsh environment because the 
environmental factors are so variable. Nevertheless, it does 
support a variety of living things. The photic (remember, phot = 
light) zone refers to the upper area of the oceans, to the depth 
to which sunlight can penetrate. Only in this zone will we find 
anv plants thai must depend on sunlight for photosynthesis and. 
of course, the animals that depend on these living plants for (heir 
food. Largely in (his area. too. we find the plankton (plankto = 
wandering), all the forms of life that drift or float without power 
to move by themselves. They are largely microscopic forms. 

The pelagic (pelag = the sea) zone is the water itself; the 
neritic (shallow water) zone over the continental shelf and the 
oceanic zone over the deep ocean floor. The continental shelf 
is an important life zone; much oil is found there: and the area 
even plays a political role in national and world affairs. The sea 
floor is called Ihe.benthic (benlh = depths of the sea) zon^. Ben- 
thos comprise the crawling, creeping, or sessile ( = sitting or 
attached) organisms that live on the ocean bottom and on the 
slopes. Nekton (nektos = swimming) are the animals that can 
swim and float about in the ocean and consequently live in all 
of the zones. 
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Likewise the chemist and the physicist find in the hydro- 
sphere many opportunities to study the composition of water, 
sediments, minerals, and the exchanges of matter and energy in 
that environment. Seawater contains some 60 chemical elements, 
several of them — for example, magnesium and bromine — in 
quantities that make it economically practical to separate them, 
together with sodium chloride (common salt), out of the solution. 
Waves, of course, are of interest to the physicist, as are studies 
of pressure, movements of masses of water of various densities 
and temperatures, travel of sound waves through water, and, of 
course, the tides. The interface of atmosphere and ocean is an 
area of constant interchange of moisture and energy and heat. 

The geologist is concerned with the same questions in rela- 
tion to the ocean basins as in other areas of the earth — the for- 
mation of the underlying solid earth, and the changes that have 
taken place over the billions of years of the earth's existence. 
By analyzing cores taken from the sediments and underlying 
rocks, scientists learn much about the history of the earth, its 
life forms, its mineral resources, and even ancient sea surface 
temperatures. 

As mentioned earrinr> much of present study and research 
involving the oceans deals with the great systems of energy and 
moisture exchanges. The oceans have vast expanses of surface, 
for the most part unbroken by the mountains and other top- 
ograph features of the continents. Also, because water is a fluid 
medium in contrast to the solid material of the land areas, the 
oceans are far more responsive to the forces of the winds, to the 
gravitational attraction of the moon and sun, and even to the 
rotation of the earth itself, than are the land areas. Great storms, 
such as hurricanes and typhoons, form over the oceans, and the 
well-known monsoons of the Asian subcontinent come about as 
a result of pressure differences over the land mass and the 
ocean. The phenomenon of tides is an excellent example of the 
responsiveness of the hydrosphere to physical forces and to the 
rhythms of the universe. 

Mountain building and earthquakes 

In addition to the changes in the lithosphere and the hydrosphere 
in response to weathering and erosion and sedimentation, cata- 
clysmic changes have occurred during periods of mountain 
building through great movements beneath the earth's surface 
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and throu^^h volcanic activity. Besides volcanoes, earthcjuakes 
are f)erhaps today's most noticeable evidence of this constant 
flux of the earth's structure*. The causes of earthquakes are 
stresses building up in and betwetin the blocks or plates of the 
earth's crust. Shifts occur alon^ what we call faults or disruptions 
of portions of the earths crust. We call these shifts seismic 
(seism = a shaking, an earthquake) disturbances. They and even 
weak tremors are detected by instruments called seismographs. 
The seismograph measures the intensity of elastic waves that 
travel through the earth's crust. 

Earth(]uakes that occur under the ocean transmit their 
energy to the water and can cause great waves called by the 
Japanese term, Tsunami. These are seismic seawaves. It is in- 
accurate to call them tidal waves, because they are not related to 
lides. 



We can consider the language of space as having two major 
sections — the traditional language of astronomy and the language 
of modern space exploration and its accompanying technology. 

Astronomy 

Astronomy (astro = star, nomy = the science of) goes back to the 
earliest man. Some of our most charming examples of the 
picturesque imaginations of early men are still treasured in the 
names and descriptions given to the constellations (con = with, 
together; stella = star) and in the myths relating to the universe 
where a majestic hero like Atlas could hold up the sky. 

The ancients developed astronomy to an amazing degree- 
both for its practical value in navigation and as an area of scien- 
tific study. From the early concept of an earth-centerod universe, 
they moved to the concept of a heliocentric (helio = the sun, 
centr = the center) or sun-cenlered system. Gradually men have 
expan(ie(J their observations and speculations about the universe. 
hel|)ed along by the invention of the optical telescope and other 
technological developments, including the radio telescopes of 
our own time. 

Today we kiiow that we live on the fifth largest of eight 
planets (plane — wanderer) revolving around a medium-size star 
— our sun. This is our solar system, which is a tiny part near 
one edge of a galaxy we call the Milky Way. In this century. 
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astronomers havo l)(n»n ahlu to sco hoyond our j»alnxy ami dis- 
cover that there are many o?her ^ahixies — or univors^>s — out in 
space. 

Astronomy has its own hin^ua^e of description and measure- 
ment, based largely on h'^ht and radio waves. Distances are so 
Mreat that they are measured in special units. One of these is the 
astronomical unit (AUj. the mean distance ot the earth from the 
sun. The value adopted for the AU in the International System is 
\mm X 10^ meters. (149.600.000 kilometers). A parsiec/another 
unit of measurement, is the parallax of 1 second of' arc with a 
baseline of one AU. Another sjiecial unit is the light-year — the 
distance? traveled by light in one year, nearly 9V';: trillion kilo- 
meters. Today's asironomers tell us that the observcibJe universe 
is 10 billion light-Vears in radius. Any stars beyond this distance 
are moving away so rapidly that, because of the red shift (Dop- 
pler eff(n:t), their light can never reach us. That is, they are 
moving away at speeds etjual to or greater than the speed of 
light. Thus, according to present theory, we do not know and 
never shall be able to know the total size of the universe. The 
age of the universe is estimated lo be at least 5 billion years. 

Much of what astronomers are learning about the universe 
depends on making use of electromagnetic radiation, which is 
also used in radio, television, and other communications tech- 
nology. Figure 7 is a diagram of the spectrum of electroinagnelic 
radiation, with major subdivisions. Note the very small segment 
that is visible light. 



FIGURE 7. The Electrdm^tgnetic Spectrum 
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"Radiation is classified by wavelength, ranging from very 
long radio waves (3 X 10* meters) to very short gamma waves 
(5 X U)-^^ centimeters), The total range is called the electro- 
magnetic spectrum. All of this radiation moves through space at 
the speed of light. 

"Only a very small portion of the total electromagnetic spec- 
trum penetrates the layer of atmosphere -vvhs,<:V> surrounds earth; 
visible light does, of course, and so do certain portions of the 
radio part of the spectrum. When cosmic radiation enters our 
atmosphere, its character changes; so to study it properly we 
must study it in space. 

"It is one of the fundamental phenomena of nature that any 
object, so long as it is not at absolute zero temperature, -273^0, 
emits a spectrum of electromagnetic radiations. The wavelengths 
in that spectrum depend only on the temperature of the object. 
The hotter an object is. the greater the proportion of the shorter 
wavelength radiation in its spectrum." ^ 

By observing the predominant color in a star's spectrum or 
the relative intensity of the various colors, it is possible to esti- 
mate with fair accuracy the surface temperature of the star. In 
this way, we know star surfaces vary in temperature from be- 
low 200()^^K (the very dull reds) to above 80,000OK (the high- 
luminosity blues). ... If the light source is a luminous gas in- 
stead of an incandescent solid, we observe a radically different 
specirum: a series of bright lines of color interspersed with 
black b^nds. . . . Each element has a pattern of bright-colored 
lines of light that is its absolute trademark. . . . Because no two 
elements display identical spectra, the astronomical detective 
now has a way of "fingerprinting." Once the spectra of the 
individual elements have been recorded, the composition of any 
mixture or compound can be determined, whether it is in our 
own sun, a nearby star, or a distant galaxy. 

Other much-used, recent methods of studying the universe 
are through radio or X-ray astronomy. Large antennas collect 

'Hynek, |. Allen. ChoJJenso of the Universe. Vistas of Science. National 
Science Teachers Associnlion. Washington, D.C. Published by Scholastic Maga- 
zines, Inc. X'ew York. I9(i5. Pp. 71-7(j. 




7()/K.irlh anil spacuj sr.ioncos 



radiation from space, and this can be analyzed by scientists. 
Pulsars, celestial sources of pulsating radio waves, were dis- 
covered by this technique. Earth-bound astronomers are always 
handicap{)ed by the earth's atmosj)here and by the ^as or dust 
in interstellar space. We now have limited observatories in 
satellites (orbiting astronomical observatory, OAO; orbiting solar 
observatory, OSO). These and other future observatories above 
the earth's atmosphere do and will provide clearer views of the 
universe than are possil)Ie from the earth's surface. 

Space science 

The language of space has become familiar to all television 
audiences in the last 15 years. When we speak of space science 
today, we are thinking less of astronomy and more about the 
princij)les of gravitation, relationships between the earth and its 
satellite, the moon, and between the earth and neighboring 
planets, and the relationships with and energy from the sun. 
Space exploration, whether by manned or unmanned vehicles, 
challenges man to develop and use technology in a way that is 
compatible with the phenomena of the universe. Aerodynamic 
(aero = the air, atmosphere, dynam = power, energy) principles 
used in airplane flights must be extended to lift the spacecraft 
beyond the earth's atmosphere and give it sufficient velocity to 
orbit the earth or follow a planned trajectory toward its des- 
tination. The characteristics of space — its lack of atmosphere, 
for example — must be understood and constantly noted in space 
flight technology. Life-support systems for the astronauts .de- 
mand tremendous amounts of knowledge of and new research 
into the functioning of biological systems in the conditions of 
space travel. Investigations into the possibility of life elsewhere 
in the universe (exobiology) mean that we must identify the 
indicators of life (amino acids or even carbon) that can be 
fietected by space probes or by manned exploration. 

The language of space is a combination of very highly 
organized and accurate applications of physical laws on one 
hand and totally new experiences on the other. 

We have said nothing so far about computers, but the 
space explorations depend on the use of the computer in plan- 
ning the entire flight and in working out solutions to complicated 
l)roblems. Computers are used for simulations (models) and for 
handling data in all of the sciences. 

Appendix A contains a selected vocabulary of space terms 



Problems and questions ^'^7 



from the beginnings of ihe space age. It will continue to grow as 
our knowledge and capacity for research and exploration 
develop. 

Problems and questions 

1. If a man heard a radio time signal for noon in Greenwich, 
England, and his own watch said 10 A.M.. assuming his watch 
to be correct for the local time, where (i.e.. at what longitude) 
would he be? 

2. Use a map to determine the approximate time in London. 
Tokyo. Honolulu, and Nome. Alaska, when it is 12 noon in 
New York. 

3. A ship at sea sailing east determines the altitude of Polaris 
to be 3(i.r>^^ as the ship's chronometer reads 2 A.M. and the 
Greenwich time chronometer reads 10 A.M. What port is the 
ship approaching? 

4. If one descends to the bottom of the Grand Canyon, one 
encounters rock of Pre-Cambrian Age. Rocks of which other 
eras, periods, and epochs would you expect to find in the 
Canyon? Does this expectation correspond to reality? Why 
or why not? 

5. One of the greatest treasures brought back to earth by the 
Apollo 15 astronauts was the so-called "genesis rock." Why 
was it given this name? Does it have an earth contemporary? 
If so. from what era, period, or epoch? 

6. Make up a table (similar to Table 19), Forces and Processes 
That Have Changed the Moon. How does this compare with 
the table for the earth? 

7. Look up the distinction between rocks and minerals and 
practice using these terms correctly. 

8. Which of the following might we expect to find on the moon? 

a. Oil 

b. Fossils of the Mesozoic Era 

c. ' Moraines 

d. Craters 

e. Basalt 

f. Regions of troposphere and ionosphere 
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9, Using the Bergeron system of symbols for air masses, write 
the code for the classification of air mnssen involved in 

a. Mun-icanos 

b. Snow blizzards 

c. Monsoons 

d. Bright, warm days 

10. When scientists "seed" clouds with silver iodide crystals, 
what natural processes are they trying to replicate and why'/ 

11. If you are traveHng in a jel airplane at 30,000 feet (9km), 
which of the following clouds would you expect to see 
ahead of the plane? Which might cause the pilot to change 
course? 

a. Cirrocumulus 

b. Cirrostratus 

c. Nimbostratus 

d. Cumulonimbus 

12. When would you expect tides to be highest: at full moon, 
new moon, or quarter moon? Why? 

13. The highest known tidal range is in the Bay of Fundy. Look 
up the height of the tides there. What explanation can you 
give for this exceptionally great rise in the water level? 

14. What names have we given to the constellations outlined 
below? Identify some of the key stars. 




ERIC 



. . -Prohltims and (|rj\isiions/79 

15. M.-)ke up a cloiicf symbol code for tho t'ollowin^^ activities: 

a. Go to the beach 

b. Use snow tires (in winter) 

c. Hurry home 

ci. Ch)se windovvi- and shutters 
e. Fly kites 

g. Go hiking 

If someone tells you that he receives communications in 
waves of the following wavelengths or frotiuoncy. what kind 
of an instrument would you expect him io be using: 

a. .5 micron (IQ-^m) w^avelength 

h. 1 angstrom (ll)-'°m) wavelength 
c. 1 kilocycle: frecjuency 

f], 1. ()()() kilometer wavelength 
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CHAPTER 3 



The Language 
of the Laboratory 



Science is oftun thought of in terms of luhoruturies. Onii imng- 
ines the shiny, gleaming iai)s of the biologists, or the psychedelic 
hibs of the physicists with their flashing lights and intricate 
electronic devices, or the malodorous, smoky labs of the chemist 
and envisions the scientist, complete with white lab coat, delving 
into the secrets of nature. As romantic as this vision may be. it 
re[)resents only a small portion of the actual work of many 
scientists and i^ usually a sei:ondary outcome of previous efforts. 
Nonetheless, if you are studying science and wish to understand 
and communicate in the language of science, you must be famil- 
iar with the language of the laboratory. 

Science at work is essentially a process of seeking answers 
to questions or solutions to problems. This is not a haphazard 
thrashing about for answers, but usually a carefully planned, 
purposeful attack. Laboratory activities are included in most 
science courses so that the student may practice this kind of 
problem solving. 

Simply stated, the problem-solving process includes three 
phases: (1) identifying and specifying the problem. (2) gathering 
pertinent information to apply toward a possible solution, and 
(3) pro})Osing a solution and testing its worth or accuracy. None 
of these is a simple task. Each involves many potential trials and 
Iribulalions. To provide ihe novice in science with some guide- 
lines for attacking problems, most science textbooks discuss a 
procedure often called "the scientific method," though this is 
really a misnomer, for there is no one "method." 



Scientists use many different techniques and a[)proaches in their 
attempts to solve problems or find answers to their cjuestions. 
The main value of studying "the scientific method" is that it does 
provide at least one tested and worthwhile method for attacking 
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problems. Although it is usually discussed stop by step, its appli- 
nation to real proI)l(Miis may involve repealing or omitting slops. 

Obviously, we mu.st first /(/(Jnh'fy the nature of the prob/om 
under i:onsideralion. For (».\ampl(i. ar(j we trying to find out 
janatomically) how crickets make their chirping sounds, or are 
we trying to discover whether a relationship exists between the 
chirp rate of the cricket and the temperature of its environment? 
A common difficulty at this stage of the operation is limiting or 
narrowing the broad problem to reasonable, smaller, and more 
readily investigated parts. For instance, our major concern may 
be to investigate possible cures for cancer, but we have several 
less complex aspects of the problem to consider first. We must 
understand the operations of "normal" cells before we can 
recogni/.e "alinormalities" in cancer colls. We may have to 
analyze our potential lest drugs to be sure we know their true 
and exact compositions before we lest them. 

A problem is usually written out in one of two forms before 
it is attacked. It may be staled as a specific question: "What is 
the melting point of this compound?" ''Ih)w do birds navigate in 
the darkness of night?" It may also be stated as a null hypothes/s 
(the hypothesis of no difference): "There is no significant re- 
lationship between the time of day and the rate of the crickets* 
chirping." "The compound riboflavin has no significant effect on 
the embryological development of amphibians," 

The actual form chosen for the statement of the problem to 
be investigated (that is. as a question or as a null hypothesis) is 
dependent upon several things, including (1) the nature of the 
problem being investigated. [2] the degree of accuracy desired in 
the possible solution, and (3) the potential applications of the 
discovered answer or solution. Other factors are also considered 
in determining how to state the problem. Stating the problem as 
a question may be the easier way to begin solving the problem. 
Using the null hypothesis approach generally retpiires that 
statistical data be assembled and the actual significance (mathe- 
matical) of the obtained results be determined. Normally, this 
slatisiical approach provides results that are more valuable in 
the sense that they are more likely to represent "true" results 
rather than a chance occurrence. Many of the student science 
projects now entered in local, state, and national competitions 
have a statistical basis. 

For those readers who are interested in {)ursuing the null 
hypothesis approach to i)roblem solving, more information is 
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available in the books listed in ihu ruferencus at the end of the 
chapter. Chapter 5 also discusses in some detail the application 
of several useful statistical Icchnicjues to problem-solving situa- 
tions. 

Assuming that we have been able to identify and stale rather 
specifically our problem to be invesligatetl. our next steps are to 
gather information pertinent to the solution of the problem. 
There are many ways in which such information can be gath- 
ered. Obviously, reading related texts, science journals, and 
reference books and using the other technicjues of bibliographic 
research should be employed as needed and where possible. If 
someone else has solved our problem, or a closely related one. 
we may either want to follow his methods and recheck his find- 
ings with our materials, or we may accept his results and use 
them to expand the nature of the problem we are investigating. 

Related to the survey of what has already been discovered is 
the possibility of corresponding with persons recognized as 
authorities in the area of our concern. But do remember that if 
you write such a person in the following way: "Dear Sir. I am 
studying al)out cancer for my science projecL Please send me all 
the information you have." it is unlikely that you will gel a re- 
sponse. Not only is such a request unreasonable, it provides the 
reader with no certain idea of the nature of your problem or 
needs. Your chances of a response are much better if your re- 
quest is for specific bits of assistance and if it is countersigned by 
your science teacher. 

Information pertinent to the problem can also be obtained 
through observation and cogitation. Energy applied to the think- 
ing processes often provides much pertinent information. Scien- 
tists use several modes of thinking processes. One, the "if-then" 
type of reasoning, is a familiar basic approach. "If fiddler crabs 
are reacting to the physical presence of seawater. rather than to 
a tidal-based rhythm, then they would begin feeding whenever 
seawater was added lo the environment regardless of the tidal 
condition. **"/f an electric current can be induced by a magnetic 
fielil. then maybe an electric field can produce a magnetic cur- 
rent.** There is room for both logical reasoning and creative or 
novel thinking in this approach lo gathering porlinenl data. 

Scientists use two main kinds of logical systems, inductive 
and deductive) reasoning. In the inductive process we try to fit 
together bits and pieces of rehited information to develop an 
overall, inclusive principle, law. or statement that describes the 
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foatiiros common lo all iho specific biis. Much of the paleonlo- 
logical evitliMico for ovolulion has boon Irealtui in this way. Iso- 
ialoii occurrcnctv^s of marine fossils \u niountainous ar(?as wore 
discovered and reporUui. l-]vtMilualiy someone indiicliv(?ly rea- 
soned thai these independiMil discoviM'ii^s indicated thai the 
present mountain areas at some time must have been the floor of 
an ocean area. This led (maybe through if-then reasoning) to the 
idea of earth convulsions and shifting oceans and their potential 
effects on living things over the (Jons of time. 

The deducn've process proceeds in the opposite direction. It 
us(»s the broad principles or statements to deduce specific appli- 
cations or possible new examples of their application. For 
example, starting from Einstein's statement describing the rela- 
tion belweeti mass and energy, it was possible lo deduce the idea 
of nuclear power as a source of energy. Very often the inductive 
and detluctive processes are employed in a cyclic way, develop- 
ing a now principle ivom existing examples and using the new 
statetnent to deduce novel application. 

Mental models 

Scientists also use a '*mental model" approach to solving prob- 
lems. Essentially our present conciipt of the structure of an atom 
is a mental model: no one has actually seen the structure of any 
atom. Vet. based upon the types of information scientists do have 
about atomic structure, it seems a useful and necessary conce[)t. 
Sonujlimfjs to solve a ])ar{icular problem the scientist constructs 
a mental model and then uses reasoning processes or experi- 
ments to tcjst the correctness of the model. 

One type of mental model is often called th(? "black box." 
The scientist knows thai if certain treatments are applied, he can 
predict accurately that certain results will occur. He doesn't yet 
understand why. so h(i calls the processes not yet understood a 
black box. It then becomes his challenge to pry open the black 
box (figurativ<dy) through reasoning, experimenting, and other 
means in an atttnnpt to understand why those specific causes 
produce those specific results. Much of the earlier investigation 
into the photosynthesis process was a black-box type of rcisearch. 
Scientists knew what went into the process (i.e.. carbon dioxide, 
water, and light energy) and what was produced (carbohydrates 
and oxygen), but until the advent of electron microscopy and 
radioactive tracers, bow and where these events occurred were 
locked in the black box. 
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We have soon somo examples of how scionlisls nsn ihoir minds as 
lahoralory tools. Whorovor [)ossil>lu. iho im[)li(:alions of tho 
thouj^hl |)r()oossos arc chocked hy tjxperiment or ohsorvalion. 'To 
imdcrsUind science and hecomo [)r(]ricient in the hin^iiaj^e of 
science, you also should practice the mental mani[)ulalions. not 
only in your science courses, hut for other piir[)oses as well. 
Prohlems at the cnil of the chapter will hel[) you ^et started. 

An e(|ua]ly im[)ortant way l() gather infm-mation lhat may he 
pertinent to solving a prol)lem is through actual experimenlalion. 
This recjuiros a careful plan or design. Designing a scientific 
experiment to provide liTioaningful data has very s[)ecial roti'uire- 
menls. Lot us consider some of the language em[)loyod in the 
dev<;Io|)ment of good lahoralory experimental design and in 
ex|]eriments. 

basically, the scientist is concermtMi with mani[)ulaling 
variables. Varialiles are th() tiifferent factors, aspects, or traits 
that may affect the results of the experiment. For example, in 
working with ideal gas [jrohlems. the physics student is concern- 
ed with al least Ihree variahles: [jressure. temperature, and 
volume of the gas. Other related variahles might include the 
kind of gas (active or inert) or the molecular nature of the gas. 

Varial^Ies may also be clas.sified into different types based 
U[Jon their role in the experiment. For exam[)le, the independent 
or experinienlaJ voriable is the one which is given different 
known values; the dependent variab/es are those values which 
change as the independent or experimental value changes; ir- 
relevant variables are those believed to have no effect on Ihe 
outcome (though a researcher usually attempts to check this 
assumption). In order to be able to compare the effects of certain 
variatirms of conditions with what would have happened had 
there been no changed or experimental condition, one uses a 
conirol cpiantity or subjects. 

In (h'signing a good ex[)eriment. we are usually concerned 
with conlrolling t)r eijiudixing all the variables exce[)l one, which 
is the independent or experimental variable. Suppose that we 
wish to study the effect of changes of pressure on the volume of 
a gas. Pressure then becomes the independent or experimental 
variable, wliich we give different values. The dependent varia!)le 
is the volume. Sinccj we wish lo study only the effect of changing 
the pressure on volume, we holtl the tem[)erature constant (or try 




tt)). Wo ktui]) all olluM- fanlors iho samti by usinji th« same kintls 
of (lovicos and Ln|iiipnionl for all iif our tixporimonts. In order to 
(iL'termine whether leinpiM'iiturti and kind of gas are relevant or 
irrelevant variables, we would ntMjd to do our experiment with 
scjveral gases and lo measure thtj temperature. If the relationship 
betwcjen change in prijssure and the resulting volume are always 
the sanuj. we can assume tbat temperature and kind of gas are 
irrelevant in this experiment. 

If we are studying the effect of a vitamin spray on the growth 
of [jlants (see Chapter vl), the applications of the spray are the 
experimental variable, and the ameunt of growth of the plant is 
the de'pendtjnl variable. We must have contrr)] plants which are 
identical lo the exjjerimenial plants ami which are kept in the 
sam(» environment in all respects excerpt that they receive no 
s]iray. 

The scientist must attempt to control all jjossible variables 
except th(j experimental ones. Often hidden or unknown vari- 
al)les are operating during the experiment, and this is not dis- 
covered until much later in the investigation, whereupon all 
earlicM* work must be repeat<jd. Therefore, it is important to think 
through each proposed experiment before it is undertaken, try- 
ing lo discover any possible weaknesses in the plans. 

For example, as one part of a series of experiments in w-hich 
we are attempting to investigate the effect, if any, of salinity on 
amphibian embryo development, we may do the following. We 
collect many fertilizet! frog eggs from an aquarium containing 
c>nly one pair of adult frogs. Our purpose for (his is to control 
the variable of genetic influences. If all the eggs used in our 
experiment are produced by the same pair of frogs, they are 
more similar genetically than eggs collected from many different 
pairs of frogs. We place the eggs in a howl of fresh water. 

In this part of the series of experiments, we are trying to de- 
termine at what point in its (hjvelopmenl, a frog <mil)ryo will be 
affected i)y Ixdng immersed in a saline solution. Therefore, 
we prepare a saline solution of knr)wn sirtmgih — to control the 
variable (jf concentraliun of the solution used in the experiment. 
We maintain our original l)f)wi and our c»xperiment bowls in a 
chamber where the temperature, the humidity, light level, oxy- 
gen tension, and othcn* envirtmmenlal factors are held constant 
or cf)ntrolhjt2. I'^ach successive day of our experiment we iso- 
late tl) eggs fr/)m the larg(j clutch into a smaller bowl tind add 
a measured ijuantity of lh(J saline solution to the* know^n vol- 
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lime of wator in tlio small bowl. Our oxporimontal variable hero 
is time. The og^s which rornain in the orij^timai container and are 
not exposed to the saline solution beconiti'J our control set. For 
the rtMiiainder of our experinienl ohanvva {\ui (h'vclopment of 
all the ejijis. When tad[)oles arti produced,, we (ixamine them for 
anatomical or pbv.siolo^^ical variations. 

In this (ima^iinary) experinumt we have many dependent 
variables but. we hope, only one experimental variable -time. 
However, wo would be overlooking a hidden variable if we con- 
sidered only the length of time (number of days) that the eggs 
were exposed to the saline solution. Hor time also passed (and 
embryological growth occurrtul) from the moment of fertilization 
to ihtj day of the experiment. In other words, our results from 
th(i experiment could be due to the amount of time which passed 
before lh(j oggs W(jre exposed to the saline solution or to the 
amount of time which the eggs spent in the salint) environment. 

A good experiment is not only concerned with having only a 
single experimental variable, hut also with having a large enough 
sample of experimental material to overcome the possible effects 
of chance. Suppose we had used only one frog egg each day in 
our experiment bowls and that the egg exposed to saline on the 
sixth 'day died within 24 hours. We might be tempted to conclude 
that "saline solution of a certain strength is fatal to the six-day 
frog embryo.** However, possibly that single embryo was doom- 
ed to expire for some other unrelated (perhaps genetic) reason. 
Our conclusion would therefore be incorrect. With 10 eggs in 
each bowl and all of the six-day embryos dying within 24 hours 
of exposure to the saline solution, our conclusion might be m.ore 
likely to be correct. If there had been 100 eggs in the bowl and all 
eUihryos died, we might feel prtMly certain about our conclusion. 
Neverlheless. we would want to continue the experiment through 
subseipi(?nt days until the control eggs batched. 

Another wa\' in which scientists tr\' to validate their conclu- 
sions is to repeat the (experiment several limes, using (in our 
example) new eggs from other pairs of frogs. If in every case all 
10 of the six-day obi embryos die, we again have some certainty 
about our findings. 

When we have gathered as much pertinent information or 
data as we can. our next obvious step is to form one or more 
conclusions based on these data. A conclusion is. in part, the 
obtained answer to our probbmi. Gen(»rally. a conclusion will 
also have certain implications which suggest ways to test the 
accuracy or roliableness of our obtained answer. In our previous 
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prohliMu assunuj that \vd did lind a sigaificant effiict of that 
ccHiccnlralion of saline when it was adminislorod to dtiveloping 
fro>» (imhryos al a curtain point in thoir maturation. Our only safe 
conclusion based on that <j\pt;rini(Hit niij^hl he lh(> following 
slalemonl: "Fertilized cg^s of Hanu catesbiunu, when exposed lo 
a O.lX sodium chloride solution on ihe sixth or subsecpieni day 
of devcdopmenl. under^M) cylol>*sis and (iisinle>»role. No such 
effect was noted for this concentration of saline when it was 
administercMl on any day prior to the sixth day of development." 
We have tritid to state our conclusion in such a way that it does 
not imply anything but what we discovered in our experiment. 

ImnuMlialely. however, we can see several possible further 
experinienis that should be conducted. Repetition of the same 
salin() concentration with o^^s from other Ranq catesbiana 
parents as a check on the role of genetic makeup, if any, mi^ht 
be undtM'taken, The effect of varying the concentration of the 
saline* sobilion should he investigated. Perhaps fertilized e^gs 
from other froj^ species (say Rana syivatica] and toad species or 
other iimphibian e^^s should also he exposed to our original 
concentration of saline to see whether this is a common outcome 
for all amphibians or peculiar lo our experimental species. 

h'rom another point of view, we might wish to consider the 
implications of our first conclusion regarding the effect of saline 
pollution on natural frog breeding environments and observe the 
fretpicncy of tadpoles in ponds where salinity levels exceed our 
critical concentration. 

The previous discussion suggests one of the peculiarities of 
scientific research. Rnding the answer to one (piestion often 
provides the investigator with a group of new questions that must 
be investigated and answered. Perlui[)s you can see how a scien- 
tist might d()vote his entire career to trying to understand fully a 
small portion of science. 

In fcitrospect, w*e have seen that, although we may list certain 
procedures as the steps of "the scientific method/* the actual 
processijs of scientific investigation are rarely tlhal simple. Essen- 
tially, the language of the science laboratory is related lo the 
processcis involved in finding the best possible answers to prcb- 
Icmis. The discussion may also suggest why the best science 
projects are almost never the ones that were started i\ week 
before a deadline. Rather, the best projects are the results of 
stud(»nt work that has incorporated the procedures and languagciJ 
of the scientisrs laboratory. 
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Problems and questions 

1. AsMinn* tliat ynu li.ivii \\w tnllnuin,i» ilry in.urtMlionts niixtui M^othor 
in iMjual small (juantilii\s in a htsikcr: sand, tahh.* salt, sidiiir. iron 
rilin^s. anil moth crystals. Tht' prohlom is to si;[)aratc llici niixlure 
into five piles, uacli containing ont? of lluj .substanco.s. As an cvxcrciso 
in rcjusoninji. urilo out how you would accomplish tho sopandion. 

IV Thi.TL' an? many prohhims ui i\ui following' type, which invidvo 
thinkinij and r(?asonin>; to solve them. 

Thti President. .Actuary. A.uency \'ici;-President. anil Corporate 
Secretary of a c<»rtain insurance cinnpany are Mr. ladslone. Mr. 
Kin.u. Mr. Spra>iue. and .Mr. Watson, hul not' necessarily respectively' 
Mr. Spratjue served with the' l>rt»sident in World War 11. Mr. Watson 
liopes to he the next President. .Mr. Litlstone and the Secretary like 
to li) ihii ihtuiUtv t{).ue(her. .Mr. Spraguc* heals the .Actuary at )iin 
rummy. Mr. i.idstcmi; is an artistically minded youn^ man. Mr. 
Watson never j^oc's to the theater (jr plays card.s. What are tin? re- 
sp(M:livi? names of the i:om|)an\ 's officers? 

;i. As <ui t;xt;rcise in idenl,if\in^ [)rf)l)lem.s. try listing!, possible problems 
f(n* invt^sti.uation from llic? hro.ui areas .of rescjarch listed heluw. 
' Make yeur statements iii the lan-^iu^e (jf the Jal)(jrator\". 

*i. Is smokin.y ci^uaretlos hazardous lu human health? 

ii. Mow cafi ccUTosifjn in initomol)iles he prcniinted? 

c. What is death, or wh\' do |)t;ople die at advanced aj»es? 

d. Is the earth's climate? chanjiin^ sij>nificantly over the years? 

e. How do animals commnnicattj? 

•4. As an exercise in jLjatherinju pertinent infermation to solve a prob- 
lem, select one (jf the specific problems you listed above and (a) 
describ(} how and where ycju mi^ht gather bibliographic informati(jn 
pertinent to it (be s[)^»cii'icl. |b) describe thtj design of a >:ood experi- 
ment which mi^iht [)rovide pertintint information. 

11 you tire lookin>» for a scienct; project idea, why not carry out your 
su]jiv«''stiuns in (a) and (bj and see whether they do provide pertinent 
information. 

5. StJt up experiments in which you identify the effects <)f various con- 
centrations of s(jveral chemicals |inor>;anic and organic) (Ui the 
development of amphibian eja^^s. eardiworm ejuji's. iint eju'^s. ^'l^^ 
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The reftjrences with Chaptcu* I) will be usiiful also for l(Mrnin>i 
abcuil tiici lan.uua,ue of the bdicKalorv. 
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CHAPTER 4 



The Language of 
Mathematics in Science 

Mcithoniatics is sometimes called the "Queen of the Sciences" 
and is also called the '^Handmaiden of the Sciences." Probably 
both terms roflect truisms about the relationships between malhe- 
malics and science. Mathematics prt)vides scientists with vari- 
ous tauh to make ?heir findint^'s more accurate and more reliable. 
It also providtjs scientists with a model to attempt to emulate. 

Science has always been concerned with (piantitative meas- 
urenujnts. Thefefore, to study and learn science, you. too, should 
be abltj to wor'k with and think in terms of (juantitative ideas. No 
difficult mathematical skills are generally required bevond 
addit ion, subtraction, multiplication, and division. What is 
involved in learninjt* the mathematics of science is to learn what 
the various techni(}ues are used for and how these lechnicpies 
can htdp you. Now let us look at some mathematical terms and 
techni(jues. 

Exponents 

An exponent is a superscript (above - writing) number like (he 
2 in 10^ The 10 is called the base, and the exponent 2 indicates 
tho numf)er of times the base is used as a factor. Thus 10^ means 
two lO's are to be multijilied. This is also called raising a number 
to a certain power— 10^ is 10 to the second power. Table 24 
shows the relationships of exponents and decimal ecpiivalents. 

Scientific notation 

Hecause the scientist deals with extremely large numbers and 
exlreinely small numbers, he has developed a shorthand method 
for dealing with these types of numbers. 

A common mathematical technicjue used in science is con- 
cerned with making these extremely large or small numbers 
easier to work with. It is often called "scientific notation" and is 
based upon the use of the powers of 10. 

90 
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TABLE 24. Exponents and Decimal Equivalents 

Base and Exponent Declnnal Equivalent 



10^ = 10 




10. 


102 = 10x10 




100. 


103 = 10x10x10 




1000. 


10"^ = 1/10 




c!i 


10-2 ^1 X 10) 




0.01 


10-3 = 1/ (10 X 10 X 10) 




0.001 


10° = 1 




1. 



Any number (except zero itself) raised to the zero exponent is equal to one. 

To make a very larg^, number more manageable, we factor 
the number into a product mX 10^, where m is a whole number 
between 1 and 9. inclusive; and k is an integer. Thus: 7,000 = 7X 
103; 7,523 = 7.523 X lO^. In both instances we divide by 10 to the 
third power (1,000), but drop the zeros in the first number, rather 
than shoW'them as decimals. 

To m.ake a very small number, such as a decimal fraction, 
more manageable, we use a similar procedure but multiply by 
the power of 10 and then show 10 to that minus power when we 
write^the formula. For example: .0007 = 7 X lo"*; .7523 = 7.523 
X 10~\ Note that the exponent on 10 is the same as the number 
of places we moved the decimal point to the right for the minus 
power and to the left for the positive power. 

Significant digits 

The problem of significant digits brings us to the question of 
accuracy and to the refinement 'dsed in our measurements. Any 
rrieasuriement can be made with only a certain degree of accu- 
racy. Error can creep in from three sources: (1) The accuracy 
with which vou measure. (2] The accuracy of the instrument you 
are using. (Think of m.easuring with a regular ruler which may be 
accurate to the nearest eighth of an inch as compared to meas- 
uring with a machinist's micfometor (micro = tiny; metr = 
measure) which may be accurate to the nearest one-thousandth 
of an inch). (3) Accu!r;^cy can also be affected by the thing being 
measured. (Think of i%Q problem of getting an accurate weight of 
a live, squirming rahivSit, or the effect of the temperature on the 
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actual length of a metal rod which expands with warmth and 
contracts in the cold.) ' 

"Numbers may bo precise? to within intervals of a given size, 
such as to the nearest mile, the nearest tenth of a se'jond. or the 
nearest ten-thousandth of a unit: or again, numbers may be 
accurate to a given percent or lo a given number of significant 
digits -although this special use of words is not universally 
, adopted/'^ 

Thus we have two elements of concern here; possible error 
in our measurements and the degree of accuracy which we can 
achieve with the measuring instrument being used. Let us assume 
that we have a ruler which is marked to tenths of centimeters. 
We can measure with accuracy to a tenth of a centimeter. But 
with this measuring instrument, we could not determine hun- 
dredths of a centimeter. When we are measuring in tenths, the 
quantity to be measured may fall beyond one of the tenth marks 
but not reach the following one. The amount between these two 
tenth markers is called the error in measurement. This is a 
mathematical expression and does not mean a mistake in meas- 
urement. Obviously this amount (often called an apparent. error) 
in measurement will always be less than a single unit in terms of 
which a measurement is stated. Therefore, an apparent error is 
assumed to be equal lo and never greater than 0,5 of a unit in 
terms of which the measure is expressed. We measure a small 
card and find it to be 4.6 centimeters long and 3.4 centimeters 
wide. This is our most accurate measurement. The error of meas- 
urement would lie somewhere within the next tenth of a centi- 
meter. Therefore we recognize that we are dealing with an 
approximate number. 

We are confident of the accuracy of our measures 4.6 and 3.4. 
The term significant digits is used to indicate this confidence. 

is often difficu.'it to decide whether to use "accuracy** or "precision** when 
speaking of measurements. Here are definitions that help to clarify the distinction 
between the meaninjL»s of these two words. 

accuracy (as distinguished from precision)-the degree of conformity of a 
measured or calculated value lo some recognized standard or specified value. 
This concept involves the iivslematic error of an operation, which is seldom 
negligible. 

precision (as distinguished from accuracy) —the degree of mutual agreement 
between individual measurements, namely repeatability and reproducibility. 
From Metric Practice Guide. American Society for Testing and Materials, Phila- 
delphia. 1970. P.i2. 

2 From Approximate Computation by Aaron E3akst. The NaJional Council of 
"reachers of Mathemalics. Washington. D.C. 1966. p. v. 
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Here we have two significant digits, and only two. Now suppose 
that we wish to determine the area of our. card and multiply 
4.6 X 3.4. We obtain 15.64 square centimeters. This suggests 
greater accuracy than we were able to obtain with our measuring 
instrument. 

Also since we can have only two significant digits, we round 
off our answer to 16. (Some texts may use the term significant 
figures and give the general rule that the significant figures are 
the digits which are certain and one more. For our example this 
would be 15.6. See Chemistry, An Investigative Approach. By F. 
Albert Cotton and Lawrence D. Lynch. Houghton Mifflin Com- 
pany. Boston. 1968.) 

If we had a more accurate. ruler, we might obtain measure- 
ments of 4.63 and 3.47 centimeters (three significant digits) and 
our product for the area would be 16.0661 square centimeters. 
Because we have only three significant digits, we express the 
area as 16.1 square centimeters. Numerical results, before they 
are stated in final form, should be obtained with at least one 
more digit than the number of significant digits allowed by the 
approximate data. Then this last digit is rounded off. [4, p. 54] 

Some general rules for determining significant digits when 
working with approximate numbers are: 

1. A product or quotient of numbers has as many significant 
digits as the least accurate of the numbers. 

2. A sum or difference of numbers is as accurate as the least 
accurate of these numbers, and the answer must have the 
same number of decimal places as the least accurate one. 
Rounding off here is done before the calculation is made. 

3. In rounding off, numbers less than five are dropped. For 
numbers greater than five, raise the next digit to the left by 
one. If the number is a 5, carry it in the calculations until, 
and if necessary in, the final answer. 

The following examples may help to clarify the general rules 
given above: 21.342 becomes 21,34, while 21.347 becomes 21.35, 
and 21.345 remains 21.345. Some textbooks (or teachers) may use 
slightly different methods for dealing with the problem of round- 
ing off a number like 21.345. Be sure to check on this when the 
occasion requires. 

The 'techniques of using scientific notation and significant 
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digUs are useful and applicable to most mathematicai situations 
in science. However, as for most other skills, their effective use 
depends upon practice and application. Some practice problems 
are provided at the end of the chapter. 

Now we will consider some slightly more sophisticated • 
mathematics techniques which can help you be more successful 
with the mathematical language of science. They do not involve 
any more advanced mathematics than the previous techniques, 
but they do help to explain why certain procedures are employed. 

Dimensional analysis 

Dimension (dimensio = to measure out) as we are using it here 
refers to the nature of a quantity — for example 5 meters and 10 
seconds indicate dimensions of length and time, respectively. In 
an equation the quantities on the two sides must have the same 
dimension. In the equation 100 centimeters = 1 meter, both have 
the same dimension — length. 

In physics and chemistry, students sometimes have diffi- 
culties in working with mathematical problems in which several 
conversions must be made between units. For example, they may 
know the constant which describes the relationship between 
units, but are uncertain whether to multiply or divide with the 
constant. Hero, a technique known as dimensional analysis can 
be very helpful. In this technique one pays equal attention to the. 
labels or units (dimensions) under consideration and to the 
actual numbers involved. An example of its use should make the 
technique clear. 

Problem: 

Starting with the two facts that 1 inch equals 2.54 centimeters and 
1 mile is 5,280 feet, determine how many kilometers equal one 
mile. 

Attock: 

List all the conversions that are needed. 

a. miles to feet 

b. feet to inches 

c. inches to centimeters 

d. centimeters to kilometers 



1. 



ERJC 



Dimensional analvsis/95 



2. Describe the conversion factors involved. 

a. 1 mile equals 5.280 feet {5.280 ft/mij 

b. 1 foot equals 12 inches (12 in/ft) 

c. 1 inch equals 2.54 centimeters (2.54 cm/in) 

d. 100,000 centimeters equal 1 kilometer (10^ cm/km) 

3. List the required label of the answer: kilometers per mile 
(km/mi) 

4. Write out the necessary conversion process, step by step, and 
cancel out any labels possible. 

5^280it'X 12 k( X 2.54 cm X 10^ cm 
1 mi iSr 1 Ur' 1 km 

5. See what labels are left for your answer to be expressed in. 
In this example our answer would be cm^ which is not 

mi - km 

what we need. We saw in 3 above that our answer should be 
expressed in km/mi. 

6. Determine which portion(s) of the conversion process state- 
ment (in 4 above] must be inverted to cancel out the 
undesired labels and produce the required answer labels. 

In this example we must invert the centimeter-kilometer 
relationship. Now our corrected statement reads: 
5.280X X 12_Uf X 2.54 qutf X 1 km 

mi IJi lyti 

This gives us the relationship we need for our answer; 
namely, km/mi. 

7. Now solve the mathematical statement and label your 
answer, 

5.280 X 12 X 2.54 = 1.61 km/mi 
10^ 

Let us apply the technique of dimensional analysis to an engi- 
neering pr^oblem. 

Problem: A man swings a 10-pound hammer through an effective* 
distance of 4 feet in driving a stake. How much horsepower is 
he producing per minute if he makes 5 swings per minute? 

AttQck: (The numbers below refer to the comparable steps in 
the preceding problem.) 
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1. Conversions that will be needed 

a. weight X distance equals foot-pounds (ft-Ib) (work) per 
swing 

b. swings per minute to swings per second 

c. work per swing to work per second 

d. work divided by time equals power 

e. ft-lb per second to horsepower 

2. Conversion factors and values involved 

a. weight X distance equals ft-lb 
10 lb X 4 ft equals 40 fl-lb/ swing 

b. 5 swings per min equal 5 swings per 60 sec 

c. 5 swings per 60 sec equal 200 ft-lb/60 sec 

d. 40 ft-lb/swing times 5 swings/60 sec equals power/sec 

e. horsepower = 550 ft-lb/sec." 

f. 1 min = 60 sec 

3. Required label: 
hp (ft-lb/min) 

4. 10 lb X 4 ft X 5 swings X 550 ft-lb/sec 

swing 60 sec hp 

5. We can see that hp should not be in the denominator for our 
answer to be labeled correctly. 

6. 40 ft-lb X 5 swings X hp 

swing 60 sec 550 tt-lb 

7. 40 X 5 = .0061 hp/sec 
60 X 550 

8. .0061 hp/sec X60 = .366 hp ' 

Some examples in which you may employ the techniques of 
dimensional analysis are provided at the end of the chapter. 

Ratio, proportion, and equations 

Many of the problems of science concern the relative propor- 
tions of variables or the writing of an equation which describes 
the relationships among variables. The following discussion of 
these mathematical techniques may assist the student in better 
understanding the reasoning involved in the manipulations that 
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must be performed. Table 25 gives some of the symbols used to 
indicate these and other relcitionships, 

TABLE 25, Standard Signs and Symbols^ 



1 

-i- 


Plus 


< 


Less than or equal to 




Minus 




Less than or greater than 


X 


Multiplied by 




Greater than or equal to 


* 


Divided by 




Greater than or equal to 




Equal to 




Greater than or equal to 


1 


Plus or minus 


> 


Greater than or equal to 




Minus or plus 




Equivalent to 




Plus or equal 


W 


Not equivalent 


44- 

TT 


Double plus 




Not equivalent 




Difference between 


f — 

C 


included in 




Difference excess 


N 

3 


Excluded from 




Identical with, congruent 




Difference 




Not identical with 


CO 


Difference 




Not equal to 


1 1, 


Equal and parallel 




Nearly equal to 


= 


Approaches a limit 


= 


Equals approxinnately 


m 


Is measured by 




Equals approxinnately 




Multiplied by 




Equal to or greater than 




Ratio 




Equal to or less than 




Proportion 


< 


Less than 


/ 


Minute 




Less than 


// 


Second 


> 


Greater than 


0 


Degree 




Greater than 




Summation of 




Greater than or less than 


T 


Pi (3.1416) 


< 


Not less than 


€ 


Base (2.718) of natural 


> 


Not greater than 




system of logarithms 




Less than or equal to 




Delta 


< 


Less than or equal to 


a 


Variation 


< 


Less than or equal to 







Manual of Style Twelfth Edition. The University of Chicago Press, Chicago, 
Illinois. 1969. Pp. 312-313. 
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The ratio (rati = rate, proportion) of a number a to a 
second nonzero number b is the quotient a/b. (If a is 6, and b 
is 3, the ratio of 6 to 3 is 6/3 or 2 to 1.) 

Note that if b =0, the quotient a/b is undefined. 

An equation (equa = equal) in mathematics is a statement of 
equality of mathematical expressions. 

A proportion (pro = for; portio = portion) is a statement of 
the equality of two ratios, for example, a/b = c/d. This may 
also be written as ad = be. Any part of the statement may be 
described in terms of the other three variables. Thus, a = bc/d 
or b = ad/c. If a is 6, b is 3, c is 8, and d is 4, 6/3 = 8/4 or 6 X 4 = 
3 X 8, and 6 = (3 X 8)/4 or 3 = (6 X 4)/8. 

Considering the statement, a = bc/d, we can describe the 
type of variation involved between a and the other variables, 
b, c, and d. Thus a varies directly as the product of be, or 
the product of b times C (As the product be increases, the value 
of a also increases.) We can also say that a varies inversely with 
respect to d. (As the value of d increases, the value of a 
decreases.) In general, ai linear function specified by an equation 
of the form y = mx, m + 0 is called a direct variation, and a func- 
tion specified by an equation of the form xy = k 0 is called an 
inverse variation. 

Let us suppose that we know that two variables are related 
directly (as one increases, so does the other) but we do not know 
the specific relationship between them. We can introduce a 
constant k (even if we don't know the value of the constant), 
and we have a = bk, or a/k = b. Often our problem then becomes 
one of substituting known or measured values of a and b to 
determine the value of k. Sometimes we can obtain the value of 
k from a reference book or table and determine unknown 
values of a from known values of b. 

Consider the simple example that follows. "The more hours 
I work per week, the more money I get paid." This is a de- 
scription of a direct relationship between two variables: hours 
and money. Now let us introduce a constant k, the hourly pay 
rate in dollars. Let a equal the number of dollars I am paid each 
week and b equal the number of hours worked per week. From 
the nature of the sentence we can write an equation a = bk. If 
I know the values of 0 and b for any one week I can determine 
the value of k. Suppose a is 60 dollars and b is 40 hours. The 
value of k js then $1.50 per hour. On the other hand, if I know 
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k is $1.50 per hour and b is equal to 10 hours, then I can predict 
a to be $15. ^ 

Frequently, the problems of science are of this general type, 
but the simplicity of the solution is hidden in the complexity of 
the statement of the problem (or in the notational scheme one 
uses to translate the problem). 

Consider a typical chemistry or physics gas-law problem. 
Remember that Robert Boyle showed that the volume (V) of a 
gas was inversely related to its pressure (P) if the temperature 
remained constant. Based on the discussion above write both a 
proportional statement and an equation to describe Boyle's state- 
ment. If you use V, P, and k in your statement, it should 
read as follows: VP = k. Later, J. A. C. Charles and. independently, 
J. L. Gfiy-Lussac, discovered that if the pressure of a gas remains 
constant, an increase in its temperature brings about an increase 
in its volume. Write the statement which describes this relation- 
ship. You probably wrot.e: V = Tk which would be correct. We 
can combine our two sots of statements into what is called the 
**general gas law"; namely, PV/T = k, where the value of k 
depends upon the sample under consideration. 

When you have some gas-law problems to woric, remember 
the simple problem about a week's pay and apply that type of 
thinking to the data given. If you use the techniques of di- 
mensional analysis (and can multiply and divide without error) 
you should get the correct answer every time. 

Graphs 

When we have a situation in which two variables are related, 
either directly or inversely, we can construct an equation. If 
v.^e then substitute different values for one of the variables, we 
can determine the corresponding values for the other variable. 
In our problem dealing with number of hours worked and 
amount of money paid, we determined the value of k to Be $1.50 
per hour. Using the equation a = bk, we can construct a table of 
values for any possible number of hours worked (b) and amount 
of money to be paid (a). Table 26 is such a table. 

Now, if we use graph paper we can construct a graph or 
picture of this relationship, as is shown in Figure 8. 

Such a graph, when carefully and correctly constructed, 
can be used for interpolation (inter = between, among; pol = 
an axis); that is, finding values for either of the variables within 
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TABLE 26. Pay Table 

a = £)/c, where k = $1,60/hour 



Amount of. 
money earned 



Number of 
hours worked 



$ 1.50-4 


1 


3.00 


2 


4.50 


3 


6,00 


4 


7.50 


5 


15,00 


10 


30,00 


20 



FIGURE 8, Pay Table (at rate of $1 .50 per hour) 



30 



25 



20 

Amount of 

money 

earned 

in dollars 15 



10 




10 15 20 25 

Number of hours worked • 
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the portion of the graph between known or plotted variables/ 
Thus, we can determine, from the graph of the pay table, that if 
we work nine hours, we can expect to be paid approximately 
$13.50 or that in order to earn $18.00 we must work 12 hours. One 
must keep in mind, however, that graphical interpolation is an 
efficient method of estimation, but as such the answers are only 
approximate. This is more clearly shown in Figure 9, where we 
have plotted the growth patterns of plants. The graph can also 
be used for extrapolation (extra = outside, beyond; pol = an 
axis); that is, finding values for either variable beyond the limits 
of our known or plotted values. Thus, if the preceding graph line 
were extended to the right and our "number of hours worked'* 
and "amount of money earned" baselines were extended, we 
could determine that 40 hours of work would earn us $60 or that 
we could earn $54 for working 36 hours. 

FIGURE 9. Growth Patterns of Plants 

( X - experimental « - control ) 



100 



75 

Height in 
millimeters 

50 
25 



1 2 34 56 78 9 10 
Days from germination 
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.When more than one set of data are plotted on the same 
■ graph (for example the heights of control plants and the heights 
of experimental plants), we can make reasonable statements 
about the outcomes of the iJXperiment by looking at the graph. 
In Figure 9, the two graph lines represent the growth patterns of 
two sets of plants, an experimental set and a control set, over a 
period of 10 days. It is obvious from the graph that the experi- 
msntal pl?ails rapidly outgrew the control plants during the 
period of the experiment. 

The use of graphs makes it possible for the scientist to dis- 
play much of his data in a less tedious manner than in tables or 
narrative. The use of graphs also makes it much easier for the 
reader to understand and interpret the outcomes of the experi- 
ment. As you read. science textbooks and articles which contain 
graphical representations of the data, take the time to interpret 
and understand what data are presented and what they mean. 

Understanding the language of mathematics in science has at 
least two aspects of importance. The first is to know the various 
ways in which mathematical treatments can help you find 
answers to your questions. The second involves using these tech- 
niques correctly. To develop competency with both aspects of 
mathematics requires practice. Nothing can be more dismaying 
than tr work through a problem in science, gather data, draw 
conclusions, and then make a simple computational error in your 
treatment of the data. As in most things, time spent in careful 
work and in checking results several times usually pays off in 
time saved over all. Computers are of tremendous help in com- 
putations and in handling data, but only to the extent that the 
person directing the computer understands what he wants the 
computer to do. 

. The next chapter also deals with mathematics. It will intro- 
duce you to some simple techniques of statistics and explain how 
these techniques can help you determine the reliability or 
significance of your obtained experimental results. Properly 
. used, such techniques are a powerful ally for the scientist and an 
impor^tvni part of the language of science. 

Problems and questions 

1. Express the following numbers as decimal equivalents. 
" a. 36.25 X 103 b. 3.625 X 10^ c. 0.3625 X W 
d. 36.25 X 10"^ e. 3.625 X lO'^ f. 0.3625 X 10-3 
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2. Blxpress the following niimbars in scientific notation. 

a. 2.000.000 b. 7.049 c. 2.374.65 

d. 0.186 e. 8.0 1\ 0.0000437 

3. Assuming the numbers involved are approximate, express the 
answers to the following problems. 

a. 21.35 X 1.1 = b. 3.467 c. 96.0/20.5 = 

12.23 
0.16 
+ 14.543 

d. 4,35 X 102 
X 6.644 X 103 

4. Solve the following problem using dimensional analysis 
techniques. At 5 cents per kilowatt-hour, what is the cost of 
running an air-conditioner motor for 30 days if the motor 
takes 200 watts and runs u total of 10 hours, each day? 
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Statistics in the 
Language of Science 

When scientists, or other people for that matter, enter a new 
area of study, they first try to get a picture of the field in general. 
If they have an idea of the structure or the aims of the field, (hey 
have a better idea of how the details of content or processes fit 
together. Statistics, we find, is the science dealing with the col- 
lection, organization, analysis, and interpretation of numerical 
data. Some of its techniques are descriptive, others are infer- 
ential and are concerned with the conclusions that can be drawn 
from the data. 

Science; is largely quantitative by the nature of its concerns. 
Therefore, whenever possible, the results of an investigation are 
expressed in numerical terms. This chapter will discuss some of 
the statistical techniques that you can use in handling the data 
from your own investigations. 

Collection of data 

Choice of the sample to be studied and accuracy of measure- 
ments are probably the most important aspects of the data-col- 
lection phase of a scientific investigation. 

We usually speak of the group of units being studied as the 
sample. The total number of like units is called the populolion. 
For example, a plant population might be SGil or more — that is, 
there are 500 or more plants of the same kind in the area under 
study^. From these we select a sample for our investigation. 

The investigator chooses a sample of the size that will 
provide the information he is seeking. When a sample is used, 
the investigator is usually interested in some characteristic(s] of 
the total population. But since he cannot observe every indi- 
vidual in the population, he selects a sample which he hopes will 
be representative of the total population. Being able to deter- 
mine a sample of the appropriate size and makeup is in itself a 
very important skill :,n statistics. 
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Organization and analysis of data 

Measurements of groups of units in a study show a tendency to 
group about a certain point, called the central tendency. The 
so-called "normal" distribution when plotted on a graph makes a 
symmetrical curve as shown in Figure 10. However, this is really 
a hypothetical curve, because it is based on the expected data for 
very large groups of observations, whereas most studies include 
relatively few observations. Nevertheless one can expect that the 
measurements will tend to cluster at about the midpoint of the 
range of measurements. 

Statistics uses terms such as the mean and median to de- 
scribe the central tendency or **average" measure of a sample. 
The arithmetic mean, or simply mean, which we often call the 
average, is derived by adding all of the quantities together and 
• dividing by the number of units included. The median is the 
point at vvhich half of the units are below and half above. 

FIGURE 10. Normal Distribution 




"Normal" distribution showing the percentage of the area included within 
one standard deviation measured both plus and minus about the arithme- 
tic mean. 

Arkln, Herbert, and Raymond R. Colton. Statistical Methods. Fifth Editiofi. 
Barnes & Noble, Inc., New York. 1970. P. 43. 
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If we are investigating plant stem elongation, we can report 
that the mean growth for the plants over a certain period of time 
Was, for example, 12.5 mm. This would imply that some plants 
had grown less than this amount, and sonie had grown more, but 
the average growth was the figure given. 

If we report that the median growth was 12.5 mm, this tells 
the reader that half of the plants had grown more and half had 
grown less than 12.5 mm. Remember that the mean describes the 
average growth, and the median describes the point which 
divides the plants into fwo numerically equal groups on the basis 
of amount of growth. 

Measures of central tendency 

We mentioned the mean and median as two examples of meas- 
ures of central tendency. Let us see how these values are deter- 
mined and what information they provide. Table 27 lists the 
heights of two sets of plants, at the end of a 20-day experiment 
period. There were 40 germinating seeds in each of two trays- 
one experimental and one control-at Jhe start of the experiment. 
Both trays were maintained at the same temperature, humidity, 
and location, and both were sprayed with equal amounts of 
water daily. The experim.Q.ntal plants had a known amount of a 
water-soluble vitamin dissiiilved in their daily spray; the control 
plants did not. The basic purpose of the experiment was to 
determine the effect, if any, of applied vitamin spray on the 
growth rate of this type of plant. 

In Table 27 we have recorded the height of each plant in 
the two sets and arranged the figure's in order of meignitude for 
each set. Then we have determined the mean and median height 
of each set of plants. 

The mean height of the control plant distribution was found 
by adding up all the heights to find their sum, 11,878 mm. This 
sum of the heights is divided by the number of scores (40) to find 
the value of the mean. For the controls, the mean is 11,878 mm/ 
40 or 296.95, which becomes 297 mm when we consider the 
significant digits available.^ The mean of the experimental plants 
is 12,159 mni/40 or 304 mm. From this information we can see 
that the ''average" experimental plant was-taller (by 7 mm) than 
was the "average" control plant. The value of the median was 



'Refer to the discus.sion of significant digits in Chapter 4. 
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TABLE 27. Comparative Heights of Plants (in millimeters) 



(20-day experiment period) 





Control 






Experimental 






306 


302 


300 


298 


310 


306 


304 


302 


306 


302 


300 


298 


310 


306 


304 


302 


305 


302 


300 


298 


309 


306 


304 


302 


305 


302 


300 


297 


309 


306 


304 


301 


305 


301 


299 


297 


309 


305 


303 


301 


oU4 


301 


299 


296 ■ 


308 


305 


303 


300 


304 


301 


299 


294 


308 


305 


303 


298 


303 


301 


299 


250 


307 


305 


303 


298 


303 


301 


299 


250 


307 


305 


303 


295 


303 


300 


298 


250 


307 


304 


302 


290 


3.044 


3,013 




2.828 


3.084 


3,053 3,033 


2,989 


3.044 




n 


= 40 




3,084 


n = 


40 


3.013 




Median 


= 300 




3,053 Median = 


304 


2.993 




Mean 


= 2X 




3,033 Mean = 


2X 


2.828 






n 




2,989 




n 


11,878= 






= 11,878 


12.159 = SX 




12,159 








40 

= 296.95 








40 
303.975 
304 



= 297 



The fornnula for deternnining tlie nnean is2X/n. 2 (Greek letter sigma) 
indicates the sum of; X indicates the measurements obtained; n is the 
number of units in the sample. 

determined by finding the point that divides the number of meas- 
urements used into fwo halves. For the control set the point lies 
between the 20th and 21st measurements from either end. Be- 
cause these, two measurements have the same value (300), the 
median height for the control plants has a value of 300 mm. In 
the same way, the median height of the experimental plants is 
found to be 304 mm. 

If a median point falls on a measurement (which always 
happens with an odd number of measurements), it takes the value 
of that measurement. If it falls between two different measures. 
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Us value is halfway between them. For example, if the 20th meas- 
ure had been 300 and the 21st had been 301. the median would 
have a value of 300.5 mm. 

Adding up two sets of 40 measurements is fairly time ■ 
consuming, even with an adding machine, but if there were a 
thousand measurements to work with, it could take a very 
appreciable amount of time. Consequently, it is often desirable 
to arrange our measurements in a frequency distribution before 
dealing with them. We set up such a distribution by taking the 
smallest and the largest measurements as the two end points and 
marking off equal intervals between them. In our measurements 
these points are 250 and 306 for the control and 290 and 310 for 
the experimental plants. There should usually be from 7 to 14 
intervals in any such frequency distribution. Fewer than 7 
intervals tends to lose the true emphasis that each measurement 
should have. Many more than 14 intervals revives the problem 
of time needed for calculations. Therefore, we chose 3 mm as 
the value of each interval. This gave us 18 intervals for the 
control plant data and 7 for the experimental plant data. 

Table 28 shows the plant data arranged in a frequency distri- 
bution in which each interval contains three possible measure- 
ments. For instance, in the control plant data, all the plants which 
were 304, 305, or 306 mm tall are recorded in the frequency (f) 
column opposite the top interval of 303.5-306.5. Notice that the 
frequency intervals use decimals to describe the exact limits of 
each interval. Theoretically, a measurement of 300 mm could be 
as small as 299.6 mm or as large as 300.4 mm and still be recorded 
as 300 mm in our data. (See the discussion of significant digits, 
Chapter 4.) The use of .5, + and-, as the exact limits for each 
interval takes this fact into consideration. 

In Table 28. for the controls, there is a column called X or 
midpoint. In a frequency distribution we place measures having 
more than one value in a single interval. For example, 304, 305, 
and 306 are all placed in the top interval of the control plants. 
We use the midpoint value, or X, of the interval as the "average" 
measurement for all the heights recorded there. This can pro- 
duce small errors (called errors of grouping] in our computations, 
but usually over the total set of intervals these errors tend to 
cancel each other out. Notice that our obtained 2 /X (sum of 
frequency distributed measures or heights) of 11,873 differs from 
our Table 27 value of 11,878 by only 5 mm; and our two means do 
not differ at all when rounded off to their significant digits. 
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TABLE 28. Frequency Distribution of Heights of Plants 
(in millimeters) 



Control Plants 



Interval 


f 


X (midpoint) 




fX 


303.5 - 306.5 


7 


305 




2,135 


300.5 - 303.5 


12 


302 




3,624 


d\i7 .0 - oUU.O 


14 






A HOC 

4,1 oo 


294.5 - 297.5 


3 


296 




888 


291.5 - 294.5 


1 


293 




293 


288.5 -291.5 

a 


0 


290 




^0 


250.5 - 253.5 


0 


252 




0 


247.5 - 250.5 


3 


249 




747 




/7 = 40 






11,873 


Median = 300.5 

-0.214 
= 300.3 




Mean = ^ 
n 

= 11,873 
40 

~ 296.82 = 297 








Experimental Plants 








f 


y (midpoint) 




TY 


307.5 - 31 0.5 


7 


309 




2,163 


304.5 - 307.5 


12 


306 




3,672 


301.5 - 304.5 


14 


303 




4,242 


298.5 - 301.5 


3 


300 




900 


295.5 - 298.5 


2 


297 




594 


292.5 - 295.5 


1 


294 




294 


289.5 - 292.5 


1 


291 




291 




/7 = 40 




ZfV = 


12,156 


Median = 304.3 




.Mean - 


= 303.9 


= 304 



"Some intervals have been omitted. 
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The values in the fX column are obtained by multiplying the 
number of scores (/) in any interval by ihe midpoint value (X) of 
that interval. This column is then added to give us S/X which is 
divided by n to obtain the mean height of the plants. Notice also 
that we use the letter Y for the measurements of the experi- 
mental plants in the same way. 

In the data for the control plants in Table 28 several intervals 
were omitted (shown by the dotted line and the asterisk), in a 
frequency distribution every interval between the one con- 
taining the highest measurement and the one containing the 
lowest measurement should be included. If there are no meas- 
tires in that interval, a zero is placed in the / column. The reason 
for this requirement will become obvious when we work with 
finding the standard deviation statistic. Omissions should be 
noted as we have done here. 

When scores or measurements are recorded in a frequency 
distribution, it may be difficult to determine the median. We are 
still seeking the value of the point which divides the measure- 
ments into two equal halves, but it may be "hidden" in an 
interval. Consider the data for the. control plants in Table 28. We 
are looking for the point between the 20th and 21st measure- 
ments. If we count down the / column from the top, we have 7 
plus 12 is 19 scores included in the first two intervals. The 20th 
and 21st are both among the 14 scored in the next interval, but 
where? (In a frequency distribution we don't know the actual 
values of those 14 scores, only that they are either 298, 299, or 
300 mm.) Therefore, for the purpose of finding the median, we 
assume that all the scores in any interval are evenly distributed 
in the interval. We divide the number of additional measure- 
ments we need to reach our halfway point by the number of 
scores actually in that interval and multiply that result by the 
length of the interval. In our present example, we have 19 scores 
~vve need 1 more; there are 14 scores in the interval, and the 
length of the interval is 3. Therefore, we divide 1 by 14 and multi- 
ply the answer by 3 to get .214. This tells us how far inlo the 
interval our median point is; by subtracting this value from the 
upper exact limit of the interval (300.5), we find the value of the 
median height of our control plants — 300.3 mm. 

Although we have used an interval of size three in our 
example, it is permissible to use any appropriate size. If the 
interval is an odd number of scores, the midpoint will be a whole 
number, as in our example. 
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What do our data Jell us about our experiment? As mentioned 
earlier, the obtained means show us that the experimental plants 
average 7 mm taller than do the control plants. This is also 
verified by the relative size of the medians, but neither of these 
statistics tells us anything about the distribution of plant heights 
within the control or experimental groups. 

Standard deviation 

We turn then to another useful descriptive statistic, the standard 
deviation (do = from, out; via = road; therefore, off the road 
or path). The standard deviation provides information about 
how a sample is distributed around the mean. It is based upon 
the amount each separate measurement varies or deviates from 
that mean. 

Two groups of boys might both have the same mean age, say 
li^ years. But one group ct^uld be made up of equal numbers of 
14-year-olds and 16-year-olds, while the other group could have 
equal numbers of 2-year-oids and 28-year-olds. Both would have 
mean age values of 15 years, but they would certaifily be ex- 
tremely different in their ability to be a baseball team. In this 
example, the boys in the first group all deviate from. the mean 
age by one year (some above and some below). In the second 
group the members all deviate by 13 years from the mean. 

Referring to our previous example of the plants, we might 
report that the mean growth of the plants was 12.5 mm with a 
standard deviation of 3.2 mm. This tells a reader who under- 
stands statistics that about two-thirds of our plants had grown 
between 9.3 and 15.7 mm in height. We shall see why one can 
niake such an assumption when we discuss the standard devi- 
ation in, more detail. 

Table 29 shows how we determine the standard deviation 
using the data of the experimental plants from Table 28. We use 
the frequency distribution data for our sample because usually it 
simplifies the calculations. However, the standard deviation can 
also be determined using every score. The formula for obtaining 
the standard deviation for grouped data is 

where 2 is the sum of the number of entries in the interval, d is 
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TABLE 29. Determination of Standard Deviation 
for Heights of Plants^ 



interval 


f 


Y (midpoint) 


d 


d^ 


fd^ 


mm 












307.5-310.5 


7 


309 


H-5 


25 


175 


304.5-307.5 


12 


306 


+2 


4 


48 


301.5 - 304,5 


14 


303 


-1 


1 


14 


298.5-301.5 


3 


300 


-4 


16 


48 


295.5 - 298.5 


2 


297 


-7 


49 


98 


292,5 - 295.5 


1 


294 


-10 


100 


100 


289.5 - 292.5 


1 


291 


-13 


169 


169 




n = 40 






2fc/2 = 652 





Mean = 304 




=J52 
39 



® Experimental plant data from the preceding Tables 27 and 28. 

the difference between the mean and the midpoint of the inter- 
val, and n is the total number of scores. (Note we are using the 
symbol s for standard deviation. The small Greek letter sigma 
a is also used when the total population is"being considered. In 
that case also, one would use N instead of n-1 in the formula.) 

Notice that we first find the mean height of the plants (304 
mm) and then record in the d column how much the midpoint of 
each interval deviates from that mean. (In the case of the top 
interval the midpoint of 309 deviates by +5 from the mean of 
304.) Each entry in this column is squared and entered in the 
column. Finally the frequency of scores in each interval is multi- 
plied by its corresponding value to give us the entries in the 
fd^ column. This column is totaled to find S/d^ which is used in 
the formula provided. The square root of the quantity Sfd^ 
divided by the number of measurements minus one, is the 
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standard deviation of the measurements in our sample, ii the 
characteristic being measured is normally distributed in the 
sample, we can expect approximately two-thirds (actually 68.26 
percent) of the plants to be within one standard deviation on 
either side of the mean height. (See Figure 10.) Let us check this 
distribution for our plants. 

1. Mean ± 1 s == 304 i: 4 or 300 to 308 mm in height. 

2. Two-thirds of 40 plants would be 26.6 or 27. 

3. From Table 27 we can see that there are 28 plants taller 
than 300 mm and shorter than 308 mm, and 33 plants 
which are at least 301 mm but not taller than 309 mm. 

We should note, however, that the distributcon of a trait usually 
only approximates the normal distribution. If we were to meas- 
ure the height of all the boys in a high school, we would expect 
some few to be extremely short and some few to be extremely 
tall, but we would expect the great majority to be spread around 
the **average'* height of high school boys in general. On the other 
hand, we might not expect to find height normally distributed if 
we measured only the members of the basketball team. Most of 
them would probably be above the ^'average" height of high 
school boys. 

Another way in which knowledge of the standard deviation 
is helpful in interpreting data is shown by the following example. 
Suppose we had been feeding two sets of chicks on two different 
diets for a period of time. We weigh all the chicks in each group 
and find the mean weight and standard deviation in weight for 
each set. Assume that our data are: Group I — mean weight 236.5 
grams, standard deviation 6.3 grams; Group Il-mean w^^ight 234.7 
grams, standard deviation 11.8 grams. We can see from Jhe data 
that although both sets of chicks have approximately the' same 
mean weight, the chicks In Group I all have weights relatively 
close to the mean weight (two-thirds of them weigh between 23(12 
and 242.8 grams). The chicks in Group II appear to have more 
divergent weight patterns (two-thirds of them weigh between 
222.9 and 246.5 grams). We might conclude that the diet of Group 
I was more beneficial for increasing the weight of most chicks of 
the type studied. The previous discussion suggests one of 
the reasons why most research studies provide the reader with 
both the mean and standard deviation values as part of the data. 
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Interpretation of data 

From the analysis of data we move on now to the interpretation 
of the data or what is sometimes called inferential statistics. This 
area of statistics includes the tests and techniques that make it 
.possible for us to determine how significant our results are» or 
what degree of confidence the reader can attach to our findings 
if he wishes to generalize beyond the actual subjects in the 
sample. Tfhe use of appropriate statistical processes makes the 
results oV our investigation not only more readily understood 
but also more valuable to the person who understands the 
language of science. 

Standard error 

The standard deviation measures the scatter about the arithmetic 
mean or average; the standard error is the average of the devi- 
ations about the line of regression. To understand the concept 
and use of the standard error, let us return to our example of the 
two sets of plants, (Tables 27-29) You will recall that we used 40 
plants in each set; therefore, the data we obtained are true only 
with respect to those 80 plants. It is our assumption that the data 
would be true of any other number of that same type of plant 
treated to the same conditions. Our 80 plants were only a small 
sample of the total population of possible plants of the same type. 
We would like to be able to report how closely our sample 
represents the results we could expect for the total population. 

How close is our obtained mean height of 304 mm for the 
experimental plants to the true mean height we would obtain if 
we used all possible plants of the same type in our experimental 
set? It is our assumption that the value of the population mean 
should not be very different from our obtained sample mean, but 
it would be more satisfactory if we could provide slalisticai 
evidence to show the correctness of our assumption. The stand- 
ard error is a statistic which does describe how accurately our 
sample mean describes the true population mean. 

The determination of the value of the standard error of the 
mean (S.E. mean) is relatively simple. We divide the value of the 
standard deviation by the square root of the number of meas- 
urements in our sample; i.e., S,E, j^^an ^ ^' experimental 

plants we find the standard error to be equal to 4.l/y40 or 4.1/ 
6.32 which is S.E. j^^an = 
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The interpretation of this obtained standard error value 
follows the same type of reasoning as that used with the stand- 
ard deviation. We can expect that, if the trait being measured is 
relatively normally distributed, the true value of the population 
mean, for 68.26 percent of the population, would lie between the 
sample mean plus or minus one standard error. For the experi- 
mental plants in our example, we could expect the true popula- 
tion mean to lie between 304 - .65 and 304 + .65 (303.35 to 304.65 
mm) in around two-thirds of the cases. Consequently, the stand- 
ard error shows us, in this example, that our 40 plants were a 
good representative sample of the way in v^hich the possible 
population of plants might have responded to the vitamin-spray 
treatment. In one-third of the cases, the true mean height of the 
population of plants might have been either less than 303.35 or 
greater than 304.65 mm. 

A numerically small standard error suggests that our findings 
can be assumed to apply to the larger population of plants, 
whereas a numerically large value for the standard error might 
suggest ihat our results do not truly represent what might occur 
with a larger population of plants. In the latter case, we might be 
inclined to conclude that our sample of plants represents a 
chance occurrence for growth under the conditions described. 

The standard error of the difference between means 

One further statistical technique is of value for the type of 
experimenls we have been discussing, where one set of materials 
is a control set and the other is an experimental set. We would 
like to be able to show that our obtained results do show a 
significant difference; that the plants sprayed with the vitamin 
solution did grow significantly taller, on the average, than did the 
control plants; or that Group 1 of the chicks did gain significantly 
more weight, on the average, than did Group II. For these types 
of situations we need to determine the standard error of the 
difference between means. 

Table 30 deals with the data of our two sets of plants in an 
attempt to answer the question "Did the experimental plants 
have a significantly higher mean growth than had the control 
plants?" The method of determining this new statistic, the 
standard error of the difference between means, involves 
squaring the standard error value for each set of plants, adding 
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TABLE 30. Determining the Standard Error of the Difference 
Between Means 

Control Plants Experimental Plants 

Mean 297 mnn 

Standard deviation 14.08 
Standard error 2.26 
Standard error of the difference between nneans: 
S.E.Dnn = **V(S.E. con.)'+ (S.E. exp.)' 

V(2.26)2 + (.66)2 

^5.11 + ,44 

A/5.55 
2.36 

Critical ratio = actual difference between nneans 

S.E.Qm 

= 304 - 297 
2.36 

= 2.97^ 



® A rule of thumb is that if the critical ratio is 2.0 or larger, there is a signifi- 
cant difference at the 95% level of confidence; and if the critical ratio is 3.0 or 
larger, there is a significant differer\ce at the 99% level of confidence. 

these, and finding the square root of their sum. For our experi- 
ment the value obtained was 2.3. 

To interpret this result we set up a critical rolio. The critical 
ratio is equal to the actual difference between means (304 - 297) 
divided by the standard error of the difference between means 
(^•^•Dm = ^.36). In Table 30 the obtained critical ratio has a 
value of 2.97. and the table shows a rule of thumb to be used in 
interpreting the critical ratio. If the value is 2.0 or larger, it im- 
plies that there was indeed a significant difference (a true 
difference] between the growth of the two sets of plants and 
that this much difference would occur 95 times out of a hundred 
for such an experiment. Only 5 times out of 100 would we predict 
this much difference in growth to occur merely by chance. If 
the critical ratio is 3.0 or larger, our rule of thumb says that this 
is significant at the 99 percent level of confidence. That is, only 
one time out of a hundred would we expect this much difference 



304 nnm 

4.1 

.66 
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in growth to. occur by chance; 99 times out of a hundred, this 
much difference would be expected to occur. 

Do you see how the use of these statistical steps has made 
our experimental findings much more valuable? VVe have been 
able to say that our results with a small sample of plants are a 
reasonable description of what would occur with a larger popu- 
lation of plants. And we can say that our results would occur by 
chance only once in a hundred such experiments. 

This first set of statistical techniques shows you how to 
determine the significance of your findings (confidence levels) in 
any experimeni In vvhich you are basically observing the effects 
of two different treatments on. two different samples. There are 
o^her techniques for use with experiments of different design. 
Be careful not to apply a statistical technique in a situation 
where it does not belong. 



Chi-square is a simple statistical technique whicii can be used to 
find the sij^nificancc of other types of experimental outcomes. 
Simply stated, chi-square is a technique which attempts to answer 
the question: "Docs our observed outcome differ significantly 
from an outcome Vvhich might be expected by chance alone?" 
The usual example used to explain chi-square involves flipping a 
coin. If we were to flip a "good" coin 1,000 times, we would 
expect there would be 500 heads occurring and 500 tails. Even if 
we obtained 505 heads and 495 tails' we would still feel that this 
was a minor fluctuation due mainly to chance. But suppose an 
individual claimed that he could control the flip of a coin and 
make one side (say heads) occur more often than the other. He 
flipped the coin 1,000 times and obtained 550 heads and 450 
tails. Was he truly affecting the outcome? Does this obtained 
result differ significantly irum what we would expect by chance 
occurrence? Chi-squa^-e can help us make a decision. Our coin 
e.xcimpie is wo rked out in Table 31. 

Our value of 10.0 for chi-square must be checked against 
a table of significant chi-square values. The appropriate line 
from such a table is shown below. A simplified chi-square table 
is given in Appendix A. 

Degree of Probability 
Freedom P .10 P = .05 P = .01 

1 2.71 3.84 6.64 
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TABLE 31 . Calculation of Chi-Square ( ) 



Outcome 


Expected 


Observed 


Computation 




of Toss 


Frequency 


Frequency 








^8 




^0 • (^0 - ^e)2 


(^0 - ^e)^ 
fe 


Heads 


500 


550 


50 2500 


5 


Tails 


500 


450 


-50 2500 


5 



Calculated = -jo 
X2 = 2|i^o_^1 



The value ° " ^ - is computed for each ceil of the table and the 
values for all cells added to yield X2. 

Notice -that our answer for chi-sqiiare (10. 0) is as large as or 
larger than the P = .01 table value of 6.64. This result is inter- 
preted iri the following way. Our chi-square value is significant 
beyond the P = .01 level of confidence. This means that a dif- 
ference as large as the one our subject made in the obtained 
head-tail pattern would happen by chance occurrence less than 
one time out of a hundred. It implies that something other than 
chance was affecting the fall of the coin. Of course, it does no^i 
prove that our subject had powers of telekinesis but rather that 
a non-chance series of events had occurred. 

The coin example shows the procedures used to determine 
the value of chi-square. The expected outcomes (/e) are re- 
corded, and then the observed or obtained outcomes (/o) are 
recorded. The difference between the /o ^nd /e for each case is 
determined: this value is squared and divided by the appropriate 
/(J value. The sum of all of the' cases is calculated and represents 
the value of chi-square for lhat particular problem.. One must 
then use a table such as the one \n Appendix A to determine the 
significance of the ublaiiied chi-square value, The first column in 
such a table is labeled d./. which is an abbreviation for degree of 
freedom. The number of degrees of freedom in a chi-square 
determination generally is one less than the number of variables 
involved in the determination. Thus, in the coin problem there 
were two variables (heads and tails), and the degree of freedom 
was consequently one. If we were to apply chi-square to the 



Chi-square/1 19 



obtained and expected results from rolling one die tdice), there 
would be six variables (six possible numbers to be rolled) and 
five degrees of freedom. In this latter case wc would enter the 
table of chi-square values in l.he fifth row, where d.f. has a value 
of five. 

Let us apply the chi-square technique to the problem 
mentioned in Chapter 3 about the relationship between the time 
of day and the rate of crickets* chirping. We shall assume that we 
have trapped a certain number of crickets in a screen-wire trap. 
The trap was placed in the normal habitat of crickets, and we sat 
nearby to record the number of times the crickets chirped during 
certain one-hour periods of the day. {A battery-powered tape 
recorder might be useful for obtaining the data.) Our obtained 
counts are shown in Table 32. 

TABLE 32. Data on Cricket Chirp Count 

Time of Day No. of Chirps 



A.M. ■ 




6-7 


153 


8-9 


112 


10-11 


80 


P.M. 




12 - 1 


24 


2-3 


22 


4-5 


61 


6- 7 


143 




Total 595 



Number of hours observed, 7 

Mean chirps per hour observed, 595/7 = 85.0 

Thus we have our obtained data. What is our expected 
cricket chirp rate? If we assume that the time of day does not 
have an effect on cricket chirp rate, then we would expect the 
rate to be about the same for every hour of the day. Therefore 
our avera>^e or mean chirping rate for the seven hours of obser- 
vation would be our best assumption for the expected rate of 
chirping for each hour. We record our expected and obtained 
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(lain and tlelermine the value of chi-stjuaro as in Table 33. Notice 
that wo havo seven variables (seven different times during the 
day|, which ^ive us six tlo^roos of freedom. 

From Appendix A we S()0 that our value of chi-s(juaro (200.21 
is markedly larger than the P — .01 level of confidence value 
(16.81) with (3 de>»rees of freedom, Consequeritly, we may say 
that the amount of difference that occurred between what we 
observed and what we expected, would occur by chance much 
less than one time in a hundred. We may conclude that the rate 
of crickets* chirpinj^ is probably related to the time of day. From 
our data we would note tjjal the rate of chir[)in>i was higher than 
expected at dawn and sviinsel, tsnd lower than expected during 
midday hours. 

It is important to note here that we have not proved a cause- 
and-effecl relationship between lime of day and rale of chirping; 
we have i^hovvn only that the observed rate of chirping does vary 
slgnifiirandy from an assumed "no difference in rate over day- 
iighl hours." Our data used in the problem were imaginary. What 
other variables might have been operating (and not controlled) 
in our description of this ex])eriment? You probably listed 
tem])erature, humidity, intensity of light, physiological state of 



TABLE 33. Calculation of Chi-Square (X^) 



Time 
of Day 


Expected 
Frequency 


Observed 
Frequency 




Computstion 
















A.M. 












6-7 


85 


153 


-68 


4,624 


54.4 


8-9 


85 


112 


-27 


729 


8.6 




85 


80 


5 


25 


.3 


P.M. 












12-1 


85 


24 


61 


3.721 


43.8 


2-3 


85 


22 


63 


3.969 


46.7 


4-5 


85 


61 


24 


576 


6.8 


6-7 


85 


143 


-58 


3,364 


39.6 




= 200.2 
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the cricket (hunger, thirst, etc.), and other noncontroUetl vari- 
ables. Any of these (or a combination of all of them) might be the 
cause of the variation in rate. In any event, they do represent a 
series of new experiments we would have to conduct to deter- 
mine the effect of each. By using the chi-square technicjue in 
each case we could determine which of the variables were 
significant in affecting chirping rate and which were not. 

This has been only an elementary introduction to the possi- 
ble applications of the chi-s(]uare technicjue in testing the signifi- 
cance of obtained results. Several of the references at the end of 
the chapter will provide further understanding of the method 
and suggest other possible applications. 

Correlation coefficients 

Often the results of a research question may be used to show a 
relationship or correlation between an independent variable and 
a dep(Midenl variable. For example, one might expect that there 
would be a relationship between the height of a tree and its age 
in years or between the speed with which a rat covers a maze 
and the length of lime since he was last fed. The first example is 
considered a direct or positive correlation — as one variable in- 
creases (or decreases) so does the other im;rease (or decrease). 
The second example is considered an inverse or negative corre- 
lation—as one variable increases the other decreases (or vice 
versa). A short time since feeding will increase the Ume required 
by the rat {o comf/lele the maiie; a long fast will speed up his 
performance and decrease the time involved. 

Numerically, correlation coefficients range between +1.00 
and —1.00. The sign of the coefficient (+ or -) tells us the nature 
of the relationship — that is, whether it is a direct or an inverse 
relationship. The numerical value tells us of the importance or 
significance of the relationship. Thus coefficients which are near 
to either +1.00 or —1.00 indicate significant relationships: those 
which have values near to zero show relationships which are not 
meaningful or signify "no real relationships" between the 
variables. 

It is also important to remember that a high correlation 
result does not necessarily m'ean that there is a cause-and-effect 
relationship between the variables investigated. Fx)r example, 
there is a high positive correlation between the number of 
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drownings in any month and the amount of ice cream sold in 
that month. As you can surmise, there is no cause-and-effect 
relationship between drowning rate and ice cream consumption, 
even though there might be a high correlation. Undoubtedly, a 
third V'i».riable (temperature) plays an important role in producing 
this outcome. In warm months more ice cream is consumed, and 
more people go swimming, than in cold months. When you use 
correla?.lon techniques on the data you obtain from experiments, 
remember that you must consider both the type and degree of 
relationship between variables. The more cases (or examples) of 
the relationship yen can establish, the more likelv that vou have 
found a true cause-and-effect relationship. 

Let us consider an example of the use of a correlational 
technique in an imaginary piece of research. A ^student was 
interested in finding out whether the presence of a specific moss 
plant (say, "pigeon-wheat" moss) was indicative of a high con- 
centration of a specific chemical substance (say. copper ions) in 
the soil. He constructed a square "cookie-cutter" which was 
10 centimeters on each side and collected samples 100 cm^ from 
various locations where the moss grew. He then counted the 
number of moss plants per sample, weighed out a one-gram 
portion of soii from each sample, and determined photomet- 
rically the concentration of copper ?ehs in these one-gram 
portions. He then recorded his data as shown in Table 34. 

One formula for determining a correlation coefficient from 
such data, called the Pearson product-moment coefficient, is 
shown below: 

Where n is the number of samples, X is the number of plants in 
100 cms and Y is the number of Cu^~ions in one gram of soil. We 
.use this formula to determine the relationship between the con- 
centration of copper ions in the soil and the number of moss 
plants growing in the soil. (See Table 35.) 

Notice that Ahe number of moss plants found per 100 cm^ is 
recorded in the X column and that the concentration of Cu + ion 
per gram of soil is recorded in the Y column. The values in the 
X and Y columns are squared to provide the entries under X^ 
and Y2, respectively; and the product of each X times Y is re- 
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TABLE 34. Data on Soil Samples Collected 



Concentration of 
Nunnber of Cu+ lons/Grann Soil 

SiteNo. Plants/ 1 00 cnn2 (X lO-^) 



1 60 50 

2 40 30 

3 130 110 

4 90 75 

5 100 80 

6 20 • 15 

7 110 90 

8 70 60 

9 80 65 
10 120 100 



Mean nunnber of plants = a jO/IO = 82 
Mean concentration = 675/10 = 67.5 X lO'^ 

corded in the XY column. Each column is totaled to get the 
sums which are used in the formula. Remember there is a dif- 
ference between SX^ and (SX)^. When the computations were 
performed, the student found a positive .9987 correlation coef- 
ficient. This shows a very close relationship between the number 
of moss plants in certain samples of soil and the concentration 
of copper ion in the soil. Once again, this finding does not 
establish that copper ions are required for good heavy moss 
growth or that this moss is an indicator plant for high copper 
ion concentration soils. 

If the student continually found high positive correlations 
for samples of soil from other locations and never any samples 
with heavy moss plant counts and low or limited copper ion 
concentrations, he might begin to feel assured thai he had 
determined a significant relationship. If the results obtained in 
Table 35 had been +.35, it would have indicated that there was 
little relationship between the amount of copper ion in the soil 
and the growth habit of the moss. A negative correlation might 
suggest that high cuucentrations of copper ions may be associated 
with a decrease in the growth of the moss. The sign of the corre- 
lation coefficient and its magnitude provide useful information 
and indications for further investigations. 
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TABLE 35. Determination of the Pearson 
Product-Moment Coefficient 



X 


X2 


y 


y2 


xy 


60 


3,600 


50 


2,500 


3,000 


40 


1.600 


30 


900 


1,200 


130 


16,900 


110 


12,100 


14,300 


90 


8,100 


75 


5,625 


6,750 


100 


10,000 


80 


6.400 


8,000 


20 


400 


15 


225 


300 


110 


12,100 


90 


8,100 


9,900 


70 


4,900 


60 


3.600 


4.200 


80 


6,400 


65 


4,225 


5,200 


120 


14,400 


100 


10,000 


12.000 


820 


78,400 


675 


53,675 


64,850 



Number of samples, n = 10 

X - number of plants 

y = Cu"*'lons/gram soil 
SX = 820 
2/ = 675 
2X2 = 78,400 
2/2 = 53,675 
2X/= 64.850 

in) (2Xy)-^(2X) (2/) 

' " -\;(^)(2X^),-(2X)2 X "V(^) (2/2)^(2:y)2 

(10) (64,850)-«(820) (675) 
= V(10) (78,400)- (820)2 XV(10) (53,675)^(675)2 

I 

= .99)17 
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Thus we have seen that there are varied statistical techniques 
available for use by the scientist. We have been abSe to provide 
only a minimum of examples of their use. If you are considering 
using some of these techniques in your own work, you will want 
to read some of the books suggested at the end of this chapter. 
You will probably also want to seek the help of a mathemaMcs 
teaQher lo check on the accuracy of your procedures and results. 
The primary purpose of including introductory statistics in this 
book is to rnake you aware of another aspect of the language of 
science and possibly to provide you with some new techniques 
to make your own work in science more interesting and valuable. 



Very useful and easily understood books; 

1. Alder, Menry L., and Edward B. Roessler. /nfroducn'on to Probability 

and Statistics. Third Edition. VV. H< Freeman and Co. Publishers, 
San Francisco. 19(54. 

2. Arkin, Herbert, and Raymond R. Colton. Statisticai Methods. Fifth 

Edition. College Outline Series, liarnes & Noble, Inc., New York. 
1970. 

3. Bancroft, H. /ntroduction to Biostotistics. Harper & Row, Publishers, 

New York. 1957. 

4. Weaver, Warren. Lady Luck, the Theory of Probability. Anchor 

Books of Doubleday & Company, Inc., Garden City, New York. 1963. 

5. Wilson, E. Bright, Jr. An Introduction to Scientific Research. McGraw- 

Hill Book Company, Inc., New York. 1952. 

6. Youden, W. ]. Experimentation and Measurement. A Vislas of 

Science Book. National Science Teachers Association, Wushinglon, 
D,C. 1962. 

An interesting book which discusses some of the ways in which slatisticai 
lechnicjues should not be used is the following; 

7. Huff. Darrell. Hew To Lie With Statistics. W. W. Norton & Company, 

Inc.. New York. 1954. 

Three introductory programmed books for self-instruction in basic 
statistics are; 

8. McCullough, C, and L. Van Atla. Introduction to Descriptive Statistics 

and Correlation. McGraw-HiU Book Company, Inc., New York, 
1965. 

9. Schoer, L. A. An Jntroduction to Statistics ond Meosurement. Allyn & 

Bacon, Inc., Boston. 1966. 

10. Townsend, K.A. and P.j. Burke. Statistics for the CJassroom Teacher. 
The Macmillan Company, New York. 1963. 
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CHAPTER 6 



Practicing the 
Language of Science 

Throuj^hout this hook wo havo examined Ihe ways in which 
scientists are involved with science. We have analyzed some of 
the language they use. If we stop here, however, we have proba- 
l)ly missed the must exciling pari of learninj* the language of 
sci(Mice-actually practicing its use in a problem of interest to us. 

Yon are undoubtedly familiar with many locaK stale, and 
nationar i)rograms which involve students interested in science. 
These include science-related youth congresses, scholarship and 
other awards programs, seminars, and widespread science fairs. 
All are concerned with the science activities actually undertaken 
by individual students. 

Students who have been involved in these programs in the 
past have all stressed several important aspects of their experi- 
ence. First, there is the pride in having accomplished something 
of their own. Second, there is the satisfaction of having started 
with a problem or question and devised the means to find a 
reasonable (and defensible] answer. Third, there is the experi- 
(ince of meeting and discussing ideas with other students, scien- 
tists, and persons interested in science. That is, using the language 
of science with other people who speak and understand it. 
Fourth, those young people mentioned the laii^ible rewards, 
such as scholarship assistance, medals, cups, and other trophies. 
Some of them idso realized that their participation in these 
science activities had ])rovided them with an introduction to the 
beginning stages of the careers they wished to pursue. For many 
it was also an introduction to the preparation of a scientific 
pap(!r, which makes its own special demands on one's ability 
to use the language of science. 

I heartily recommend that you, too, become involved in 
these types of programs. It will require a great deal of work; it 
will lake time that you might otherwise use for recreation. But 
the p<c)tenlial f)ersonal reward and satisfaction usually overcome 
lh(ise and other possible drawbacks. 

126 
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To become involved, you must determine what you would 
like to iindertake as an investigaJion, This is very often the most 
difficult step and the place where a ^^jreat many students give up. 
They want to build a porpctual-motion machine, or cure cancer, 
or develop a new antibiotic. Their problem is, of course, how to 
do it. As a suggestion which has proved to be of value to olher 
students, consider the following. Your investigation should 
reflect both your major area of interest and an area with which 
you already have some familiarity. If the project is selected from 
an area in which you have a reasonable degree of interest, you 
will be personally involved and enthusiastic about finding out 
more about the area through your science activity. If you are 
working in an area about which you already know something, 
and you arc familiar with the types of research and findings that 
have been reported, you may avoid many early mistakes or false 
starts. 

EssentiaUy, your first step is the same as that mentioned in 
the scientific method; namely, identifying and making specific 
the problem you wish to investigate or the question you seek to 
answer. **Can dugs recognize color?" **Can a family of organic 
compounds be identified by migration rates in a chromatography 
system?" One possible way to develop the specific question 
which you will investigate is to write down the things you don't 
know or understand about the topic. Than read and browse in 
the literature related to it to see whether anybody else has 
found some of those answers. As you read, you vvill undoubtedly 
uncover statements like: *'It is still unclear exactly why this 
occurs," or 'The actual relationships involved in thrs process 
have not yet been identified." These are clues lo possible specific 
queslion(s) you might investigate. 

Suppose you really don't have any specific areas of major 
interest, but you would still like to undertake a worthwhile 
project. There are several approaches available here. Consider 
the field of advertising claims. Obviously all detergents cannot 
be "the best brightener." What is il that "brightens"? What are 
the results of comparison studies on various brands of deter- 
gents? Another interesting and very fertile field for possible 
projects involves developing productive uses for waste materials. 
You are aware that a major problem now facing man is the 
mounting quantity of waste materials he produces. Some of these 
used materials are already being reclaimed, recycled, and put to 
new uses. Any number of interesting and practical investigations 
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could be undertaken in this area. One local student, for example, 
desi^»ned a process for reclaiming silver froni large-scale photo- 
|)roces.sing tanks and used (he money from the reclaimed silver 
to finance part of his college expenses. Another obvious area of 
much current concern to man is environmental pollution. Not 
just the fumes from automobiles and industry, or the wastes 
discharged into streams and rivers (although these are important), 
but also the pollution due to such items as the nitrogen of 
fertilizers, the nitrates of detergents, the residues of insecticides 
and herbicides. Projects which include investigating the preven- 
tion, controL or cure of these aspects of pollution are badly 
needed. 

You can also get ideas about possible project areas by 
reading some of the books describing past projects or suggesting 
new ones. Thi) bibiliography at the end of this chapter lists 
several such books. 

Let us assume now that you have decided on an area of con- 
cern and have a general idea of the basic question you wish to 
investigate. Next, you must consider appropriate techniques for 
gathering information to answer the question. Certainly, you will 
use bibliographic techniques, gathering notes about related 
research, types of experiments already conducted, and findings 
reported. Also you will undoubtedly try to design an appropriate 
experiment for investigating the problem yourself. A good way 
to start this process is to ihink about it first. That is, consider 
such jideas as: 

1. What types of m.aterials or facilities will I need? 

2. Can I got these things? 

3. What variables will be operating in my experiment? 

4. How can 1 control the nonexperi mental variables? 

5. ffovv long will it take to get reasonable data? 

(5. Will I be able to use statistics in gathering and analyzing the 
data from my investigation? 

A |)ossil)le next step is to try the ex,^eriment, itself, mentally. 
Anticipate possible results and consider the implications for 
changes in the design. Finally, set up your experiment and begin 
to gather data. 

The gathering and recording of data are essential to success. 
From the very beginning, use a notebook to record everything 
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related to your exporimenl. Jot down your random thoughts, 
your reasoning patterns, your preliminary procedures — every- 
thing. This is your personal record of events related to your 
project. It is not the finished "science notebook" or "project 
log." but it will be the source of the material that does go into the 
final polished report. Jot things down as they happen; don't 
trust your memory. Wherever possible plan ahead and make 
specific tables for recording data: the table form will help assure 
that you record all of the important data. As you begin to inter- 
pret your datat don't stop with the first obvious conclusion. Ask 
yourself what else the data might imply. Your tentative con- 
clusions may suggest ways to lest your findings turther (the 
if-then approach to obtain results). 

When you are finally satisfied with your first set of results 
and their interpretation, write up your research. Perhaps your 
school has a suggested form for this purpose. Generally, what is 
essential in such a report is that it cover the following aspects 
of the research: (I) an exact description of tile problem investi- 
gated, (2) a complete description of the procedures used, cover- 
ing control procedures, source of materials, nature of apparatus 
employed, and other related iniormalion, (3) a clear display of 
your obtained data, sometimes in table form, sometimes in graph 
form, usually a combination, (4) a clear statement of your con- 
clusions and their implications, if any, and. (5) a statement of the 
applications of your findings if there are any. 

In preparing this report, remember thai you are attempting 
to communicate clearly to the reader (or listener) exactly what 
you did, what you found, and what you think it means. Use your 
skills in the language of science to make your report a literate 
one. 



I hope that this book has been of help to you -that it has made 
science seem more human and the language of science more 
understandable. I hope that some of the ideas mentioned have 
stimulated you to want to participate in the satisfying experience 
of being a scientific researcher. Even if your career plans do not 
include the sciences as a major interest, the opportunity pro- 
vided by your science classes to practice at being a scientist is 
too valuable to let slip by. 
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8. Sho waiter. Victor M.. and Irwin L. Slesnick, Ideas for Science In- 

vestigations. National Science Teachers Association, Washington, 
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McGraw-Hill Book Company, Inc., New York. 1960. 



ERIC 



APPENDIX A 

The Greek Alphabet and Some Uses of 
Greek Letters in the Science Vocabulary 
Capital Lowercase 

A a alpha a plane an^le: radiation particle 

composed of 2 neutrons and 2 
protons; linear coefficient of ther- 
mal expansion; angular resolving 
power of a telescope; degree of 
ionization (solutions) 

B ^ beta a plane angle; radiation particle 

equivalent to an electron; volume 
coefficient of thermal expansion 

r 7 gamma a plane angle; radioactive radiation 

similar to X-rays; specific weight of 
a substance; the ratio of specific 
heats; contrast of photographic 
emulsions 

^ delta signifies changing values; 

differences between two 
,j (often successive) values; optical 

length of a lens 
5 delta angle of deviation; a deviation; 

total thermal expansion; galvanometer 
deflection 

^ ^ epsilon average molecular kinetic energy; 

base of natural (Naperian] 
logarithms 

Z f zeta 

H 77 eta coefficient of viscosity 

0 d theta a pL.-je angle; angle of diffraction 

1 t iota 

K n kappa absnrplion index 

A lambda permeance (magnetic) 

X lambda wavelength; linear density 

M (ji mu coefficient of friction; electric 

moment of an atom, dipole 
molecule, or dipole; micron 
N i; nu frequencv (optics, quantum theory) 

? xi 
O 0 omicron 

n TT pi osmotic pressure; 3.1416 . . . 
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P p rho 

2 sigma 

o sigma 

T ^ tau 

T ^ upsilon 

* phi 

0 phi 

X X chi 

^ psi 

t// psi 

^2 cj omega 



density; vapor density; specific 
resistance: absolute humidity; 
radius of curvature 

the summation operator (meaning 
"add together") 

surface tension; electric conduc- 
tivity; molecular diameter 
[collision); the standard deviation 

a vector unit tangent to the path; a 
time constant; mean life (radio- 
activity); devv-point temperature? 

a plane angle; magnetic flux 

fluidity (reciprocal of viscosity); 
phase angle 

specific magnetic susceptibility 
total flux of electric displacement:; 
the amplitude of a wave function 
azimuth angle 

a solid angle; resistance in ohms 



References: Handbook of Chemistry and Physics. 45th Edition. The Chemical 
Rubber Company. Cleveland, Ohio. 1964. F-102, F-103. 

WebsterV New /nternationnl Dictionary. Second Edition. G. & C. Merriam 
Co., Springfield, Massachusetts. 1955. P. 3009. 
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Some Scientific Terms Derived from the Names of Famous Scientists 

1. Names of chemical elements: 

Curium Marie Curie (t867-19v34), Polish chemist and 

physicist in France, discovered radium and 
polonium. Nobel Prize 1903 and 1911. 

Einsteinium Albe.rJl Einstein (1879-1955), German-American 

physicist, introduced the theory of relativity, 
Nobel Prize 1921. 

Fermium Enrico Fermi (i901-1954), Italian-American 

physicist, instrumental in developing the 
atomic bomb, Nobel Prize 1938, 

Mendelevium Dimitri Mendeleev (1834-1907). Russian chem- 

ist, developed the periodic table of the ele- 
ments. 

2. Selected names of basic and derived units of measurement:^ 

ampere A after Andre Marie Ampere, French physicist, 

(1775-1836); the unit of electric current; con- 
stant current which, if maintained in two 
straight parallel conductors of infinite length, 
of negligible circular cross section, and placed 
1 meter apart in vacuum, would produce be- 
tween these conductors a force equal to 2 X 
10'' newton per meter of length. (1, p. 21] 

Celsius oc after Anders Celsius, (1701-1744). who made 

(degree) and used the Celsius ((Centigrade) thermometer. 

fahrenheit "F after Gabriel Daniel Fahrenheit, German 
(degree) instrument maker (1686-1736]; invented the 

Fahrenheit thermometer. 

kelvin K after Lord Kelvin (William Thomson). English 

physicist (1824-1907); the absolute temperature 
scale. 

angstrom A after Anders Jons Angstrom, Swedish physicist 

(1814-1874); used in measuring the length of 
light waves; lA = 10'^° meters. 

3 For the most part those units are those used in the International System. How- 
ever, there are several systems in use, and ibese systems are indicated where 
appropriate. Scientists avoid mixing the unils of the various sylems. 

For the sake of clarity in the definitions and to further illustrate the concept of 
derived units, these names have been grouped in a hierarchy as follows: first, 
those that are basic units; second, those that can be defined in terms of the first 
group units or other basic SI units; third, those that can be defined in terms of the 
first two units; etc. 
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coulomb 



curie 



hertz 



newlon 



oersted 



roentgen 



weber 



joule 



watt 



C after Charles Auj»ustin de Coulomb, French 
physicist (1736-1806); a unit of electrical 
(;har>,'e: the (juanlity of electricity carried 
in one second in a current of one ampere. 

Ci after Marie Curie; a unit of radioactivity; the 
(quantity of any radioactive isotope undergoing 
3.7 X 10'° disintegrations per second. 

Wv. after Meinrich Rudolf Hertz, German physicist 
(1857-1894); a unit of electromagnetic radiation 
frequency; etjuals one cycle per second. 
N after Sir Isaac X'ewlon, English mathematician 
and philosopher (1642-1727); (MKS sys- 
.lem) unit of force; force which if applied 
to a free body having a mass of 1 kg, would 
give it an acceleration of 1 meter per second 
per second. [2, p. 1184] 

afier Hans Christian Oersted, Danish physicist 
(1777-1851); a unit (emu system) of magnetic 
field strength; magnetic ueld produced at the 
center of a plane circular coil of one turn, and 
of radius one centimeter, which carries a cur- 
rent of [Vz 71] abamperes. (2, p, 1235] 

r after VVilhelm Konrad Roentgen, German 
physicist (1845-1923); the unit used in measur- 
ing radiation; a magnitude of 2.58 X lO""* cou- 
lombs per kilogram of air. [2, p. 1544) 

\Vb after VVilhelm Weber, German physicist (1804- 
1891); the unit of magnetic flux; magnetic flux 
which, linking a circuit of one turn, would 
produce in it an electromotive force of 1 volt if 
it were reduced to zero at a uniform rate in 1 
second. [1, p. 21] 

I after james Prescott joule. English physifjist 
(1818-1889); a unit of work or energy (in the 
MKS system of units); the work done when a 
force of one newton produces a displacement 
of one meter in the directio;^ of tH force. 
[2, p. 963] 



VV 



after james Watt, Scottish physicist (1736- 
'3819); a unit of power; power which in one 
second gives rise to energy of 1 joule. [1. p. 21} 
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voU 



V 



fnrad 



henrv 



maxwell 



ohm 



gauss 



after Alessandro Volta, llalian physicist 
(1745-1827): the unit of eleclrical potential 
difference and electromotive force: difference 
of electric potential hetween ivvo points of a 
conducting wirxiV carrying a conslant current of 
1 ampere, when ihe powei dissipated between 
these points is equal to 1 watt. H. P- 211 



F 



after Michael Faraday, English chemist and 
physicist (1791-1867); a unit of capacitance; 
capacitance of a capacitor between the plates 
of which there appears a potential difference 
of 1 volt when it is charged by a quantity of 
electricity of 1 coulomb, (1, p 2l] 

after Joseph Henry, American physicist (1797- 
1878); a unit of electrical inductance; induc- 
tance of a closed circuit in which an electro- 
motive force of 1 volt is produced when the 
electric current in the circuit varies uniformly 
at the rale of 1 ampere per second. [1, p. 21) 

Mx after james Maxwell, Scottish physicist (1831- 
1879}; the (cgs system) unit of magnetic flux; is 
the magnetic flux w^hich, when Hnked with a 
single turn, generates an electromotive force of 
1 ahvolt in the turn, as it (the magnetic flux) 
decreases uniformly to zero in one second. 
{2, p. 1092] 

O after Georg Simon Ohm, German physicist 
(1787-1854); the unit of electric resistance; 
electric resistance between two points of a 
conductor when a constant potential difference 
of 1 volt, applied to these points, produces in 
the conductor a current of 1 ampere, the con- 
ductor not being the seat of any electro- 
motive force. [1* p. 21] 

Gs, G after Karl F, Gauss, German mathematician and 
physicist (1777-1855); cgs (Gaussian System] 
electromagnetic unit of magnetic induction; 
equal to 1 maxwell per square centimeter. 



Refcronccs 

1. The JnternatianaJ System of Units {SI}. U.S. Department af Commerce, 
Washington, D.C. 1972, P. 21. 

2. Van Nostrond*s Scieniific Encyclopedia. Fourth Edition. Van Nostrand Rein- 
hold Company, Inc., New York. 1968. 
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Definitions of the Base Units of the International System 
Meter— unit of length' 

The meter is the length equal to 1 (iSO 7()3.73 vvavelongths in vacuum of 
the radiation corresponding to the transition between the levels 2pio 
and 5d5 of the kryplon-Qt) atom. 

Kilogram— unit of mass 

The kih)j^ram is the unit of mass (and not of weight or of force]; it is 
equal to the mass of the international prototype of the kiloj^ram. 

This international prototype made of plalinum-iridium is kept at the 
International Huroau of VVeij^hls and Measures (DIPM) under conditions 
specified bv the 1st General Conference uf Weights and Measures 
(CGPM) in 1889. 

Second — unit of time 

The second is the duration of 9 192 631 770 periods of the radiation 
corresponding lo the transition between the two hyperfine levels of the 
ground state of the cesium-133 atom. 

Ampere — unit of electric current 

The ampere is that constant current which, if maintained in two 
straight parallel conductors of infinite length, of negligible circular 
cross section, and placed 1 meter apart in vacuum, would produce be- 
tween these conductors a force equal to 2 X 10"' newton per meter of 
length. 

Kelvin — unit oi^ thermodynamic temperature 

The kelvin, unit of thermodynamic temperature, is the fraction 1/273.16 
of the thermodynamic temperature of the triple point of water. (Adopted 
in 1967 instead of degree Kelvin) 

Note: In addition to the thermodynamic temperature {symbol T|, ex- 
pressed in kelvins, use is also made of Celsius temperature (symbol t] 
defined by the equation 



where Tq = 273.15 K by definition. The Celsius temperature is in gen- 
eral expressed in degrees Celsius (symbol OC). The unit "degree Celsius" 
is thus equal to the unit "kelvin," and an interval or a difference of 
Celsius temperature may also be expressed in degrees Celsius. 

Mole — unit of amount of substance 

The mole is the amount of substance of a system which conlains-^as 
many elementary ^^ntities as there are atoms in 0.012 kilogram of carbon 



'Note that in the SI system, numbers are written with space rather 
than commas between groups of three digits. The spelling of meter, 
rather than metre. used here. 
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Xole: When the mole is used, the elementary entities must be specified 
and may be atoms, molecules, ions, electrons, other particles, or speci- 
fied j^roups of such particles, 

Candela-umt of luminous intensity 

The candela is the luminous intensity, in the perpendicular direc- 
tion, of a surface of 1/600 000 square meter of a blackbody at the tem- 
perature of freezing platinum under a pressure of 101 325 nevvtons per 
square meter. 

From The /nternational System of Units (S/J. National Bureau of Stand- . 
ards. U.S. Department of Commerce. Washington. D.C. 1972. Pp. 3-5. 



Space Vocabulary Terms 

These are examples of terms used in space language. 

Term Meaning 

ablation removal by melting (Heat shields on space- 

ablat = removed craft are made of material that melts away. 

thus carrying off most of the intense heat of 
the reentry into the earth's atmosphere.) 

point in an orbit that is farthest from the 
earth's surface; highest altitude reached by a 
sounding rocket 

steady, visible emission from the upper 
atmosphere; light in the night-time sky 

point at which a planet or other celestial 
object in orbit around the sun is farthest from 
surface of the sun 

position or orientation of aircraft or space- 
craft in relation to some reference line such 
as the horizon 

the first-stage engine: also the entire launch 
vehicle 

period during which rocket engine is firing 

point at which all the mass of a body or 
system may be assumed to be concentrated 

deflection of air masses or body in motion 
caused by a body's rotation: in the case of 
the earth, deflection is clockwise in northern 
hemisphere, counterclockwise in southern 
hemisphere 



apogee 
apo = away 
ge = the earth 

airglow 

aphelion 
apo — away 
heli'o = the sun 

attitude 

booster 
burn 

center of mass 
Coriolis effect 
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cosmic liust 
cosni = universe 

cosmic rays 

cosmonaut 
deslrucl 

drogue parachute 
escape velocity 

exobiolojjy 
exo = out, outside 
bio = life 

free fall 
fuel coil 

gyro (gyroscope) 
gyr = rounds 
Uirning 

heat shield 
hypersonic 

inerlial i^uidance 

insertion into orbit 

launch vehicle 



small meteoroids of a size similar to dusl; 
usually refers lo interstellar particles 

extremely hi^h ener^^y subatomic particles 
which bombard the atmosphere from outer 
space 

Russian name for the persons who partici- 
pate in space flights 

deliberate destruction of a rocket vehicle 
after launching but before it has complel«d 
its course 

type of parachute used to slow down a body; 
also called deceleration parachute 

speed which a body must attain in order to 
escape from the gravitational field of a 
planet or 5tar (Escape velocity from earth is 
approximately 7 miles per second.) 

study of possibility of living organisms exist- 
ing on celestial bodies other than the earth 

fall or drop of a body not retarded by para- 
chute or other braking device 

a cell which converts chemical energy di- 
rectly into electrical energy 

acceleration equal to the acceleration of 
gravity, approximately 32.2 feet (9.81 m) per 
second per second at sea level (The value of 
g varies over the surface of the earth.); unit 
of stress measurement for bodies undergoing 
acceleration 

device which uliliz-es angular momentum of a 
spinning rotor to sonse angular motion of its 
base about one or ifvvo right angles to the 
spin axis 

device that protects from heat 

noting or pertaining to speed at least five 
times the speed of sound in the same medium 

guidance by means of acceleration measured 
and integrated within the craft 

process of putting an artificial satellite into 
orbit; often refers to las4 burn or burst of 
speed which gives orbital velocity 

any device which propels and guides a space- 
craft into orbit about the earth or into a 
trajectory toward another celestial body 
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lox 

Mach number 

meteoroids 
meleor = high in 
air, heavonly 
i)odies 

module 

orbit 
orbi » circle, 
track 

orbital velocity 

oxidizer 
parallax 

payload 

perigx}e 
peri = around 
gi2 — f>arlh 

probe 

propellant 
radar 

radiation bolls 
radio telescope 

radiosonde 
reentry window 



lic^uid oxyj;en 

relationship of speed of an object to speed of 
sound in still air; Mach 1 is equal to the 
speed of sound 

solid objects movin^^ in inter]dan<»tary space; 
smaller than an asteroid, ilar>»er than an 
atom or molecule 

self-contained unit of a launch vehicle or 
spacecraft 

the path of a body or particle under th^ 
influence of ^gravitation; to go around the 
earth or other body in an orbit 

velocity at which an earth satellite or other 
orbiting body travels around its primary 
body 

substance that supports the combustion of a 
fuel or propellant 

apparent difference between the angular 
directions of an object viewed from two 
different locations 

that which a launch vehicle carries 

orbital point nearest the surface of earth or 
body around which the orbit is being made 
(Technically apogee and perigee apply to 
points in orbits around the earth, but are also 
used for orbits around other bodies.) 

device or ir>strunfiented vehicle sent into an 
environment to obtain information about 
that environment 

any agent for consumption or combustion 
and from which the rocket derives its thrust 

device for locating an object by means of 
ultra high frequency radio waves reflected 
from the object 

areas of high amounts of radiation in space 

device to receive and concentrate radio 
waves coming from space 

balloon-borne instrument for the measure- 
ment and transmission of meteorological 
data 

the area at the limits of the earth's atmo- 
sphere through which a spacecraft in a 
given trajectory can pass to accomplish a 
successful reentry 
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remote sensors 

retro rocket 
relr = back, 
backward 

satellite 

selonoloj^y 
selen » the moon 

sensible atmosphere 
sensor 



solar cell 
solar wind 
space station 

specitrometer 
stationary orbit 



subsonic 
sub = under 
son = sound 

supersonic 

synchronous satellite 
syn = with, 

toj»ether 
chron = time 

telemetry 
lele = far 

melry = measurement 
thrust 



devices to obtain data from a distance 

rocket on or in a spacecraft or satellite to 
produce thrust opposite to forward motion 

a body that orbits around another body 
astronomy that deais with the moon 

part of the atmosphere that offers resistance 
to a body passinj^ throuj^h it 

part of an instrument that converts an input 
sij?nal into a quantity which is measured by 
another part of the instrument; sensing 
element 

photovoltaic device that converts sunlight 
directly into electrical energy 

stream of protons constantly moving out- 
ward from the sun 

a station sent into orbit for use as a launch 
site for further spacecraft or as an observa- 
tory 

instrument which measures some character- 
istics of electromagnetic radiations 

an orbit in which the satellite revolves 
around the primary at the same rate as the 
primary rotates on its axis; hence the satel- 
lite appears to be stationary over a point on 
the primary; orbit must be over equator with 
satellite moving east 

dealing with speeds less than the speed of 
sound 

pertaining to speeds greater than the speed of 
sound; Mach >. velocity < Mach 5 

satellite orbiting the earth at an altitude of 
22.300 statute miles (35,888 km), at which 
altitude it makes one revolution in 24 hours, 
synchronous with the earth's rotation; it must 
be over the equator moving east 

science of measuring qujantities, transmitting 
the data to distant statiofi, for recording and 
interpreting the data 

the pushing force developed by an aircraft or 
rocket engine 
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tracking station 

trajectory 

transonic 
traverse 

universal time 
Van Allen bells 

weightlessness 

zenith 
zero g 



location for the process of following the 
movement of a satellite or rocket by radar, 
radio, and photographic observation 

path traced by a body moving as a result of 
externally applied forces 

close to the speed of propagation of sound 

a journey across a piece of terrain for the 
purpose of exploration: as the Apollo 15 
traverses of the lunar surface 

Greenwich mean time 

zones where high-energy extraterrestrial 
particles are trapped by or contained by the 
geomagnetic field 

condition in which no acceleration, whether 
of gravity or other force, can be detected 
by an observer within the system in question 

point on the celestial sphere directly above 
the observer 

complete absence of effects of gravity; 
weightlessness 

Note: Many of the above definitions are taken from Short G/ossary of 
Space Terms. National Aeronautics and Space Administration. Washing- 
ton. D.C. 1962. 



A Simplified Chi-Square Table of Values 



d.f. 


P=.10 


P=.05 


P=.01 


1 


2.71 


3.84 


6.64 


2 


4.60 


5.99 


9.21 


3 


6.25 


7.82 


11.34 


4 


7.78 


9.49 


13.28 


5 


9.24 


11.07 


15.09 


6 


10.64 


12.59 


16.81 


7 


12.02 


14.07 


18.48 


8 


13.36 


15.51 


20.09 




14.68 


16.92 


21.67 


10 


15.99 


18.31 


23.21 


15 


22.31 


25.00 


30.58 


20 


28.41 


31.41 


37.57 
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Chapter 1 

Paj»e 11. a. A niid^^el? how aln)iit ininromorph? 

I). A dcvict; to measure puoplu's fuel? how ahout a podonieler? 
c. Rock and roll? Some people nii^^hl call it pseiidophonics 
(false noise). ^ ^ 

\o\\ undouhledly thought of other equally reasonahle terms 
, lo apply. 

1. a. Kear of heat or hot places 

h. Moon water (moonshine?) 

c. Heavy footetl 

1*. a. I. ov <.T of po<^{)Io, friendly? 

h. Many shaped, ruhhery? 

c. False feel 

Chapter 2 



1. a, Biarlhrose. How ahoul double-jointed? 
h. Cymnopoda. How about barefooted? 

c. Xeuroectomy. How ahout removal of nerve, of cowardice? 

2. a. Genus and species names of the familiar (common domesti- 

cated) doji 

I). An (jarly i)lant, perhaps a i)redecessor of the primitive al^ae 

c. Infection of the skin 

d. Stomach-footed 

e. Animals in mossy colors 

f. Sperm-producing? animals 
^. Inflammation of joints 



4. The elms and maples are in the same 'class; the pines and maples 



5. Yes, Muscidae have oj?<? pair of win^^s, as do the other members of 
the order Diptera. 

(). Flies and finals 
Chemistry 

2. There are :J oxyj^en atoms in the molecule. There is only 1 atom each 
of the other <;lem<inls. Subscripts iwa imiiUid for the number 1. 



Biology 



are not. 
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6. a. SrO.slronlium oxiilu 

b. AlBfa. aluminum bromide 

c. \aF. soilium I'luorido 
(L GajSa. gallium sulfide 

7. a. CujS. copi)er(I) sulfide 

CuS. (:oi)i)or(Il) sulfide 

h. Gria. chromium(III) iodide 
Crlfi. chromium(VI) iodide 
Ti203. tilanium(III) oxide 
•ri02- liliiniuni (IV)oxide 

y. Heplanol C7H,50i{ 
Proi)ane C^W^ 

Physics 

I. In lliis derivation you are working toward Ihe definition of the 
ampere, the volt, and the ohm. The ampere is the amount of current 
that will carry silver to a cathode at the rate of .001118 grams per 
second (mass and time). A volt source will give each coulomb it 
delivers one joule of energy. (Work backwards from the joule.) An 
ohm is not defined from our basic mass, length, lime units but is 
defined arbitrarily as the resistance to an unvarying current of a 
column of mercury at 0°C. 10B.3 centimeters long, of constant cross- 
seclional area, and weighing 14.4521 grams. 

2. Light energy, sound energy, kinetic energy of waves (water) from a 
point source, and radiant energy of other types all show this phe- 
nomenon. The relationshii) can be expressed as i cx l/d^; where i 
is the intoRsity. and d is the distance from the source. 

3. Resonance occurs in sound energy, light energy, water waves, and 
other types of radiant energy. Resonance cavities have been devel- 
oped to use this phenomenon for most of these energy iypon; for 
example, the laser, the cavilron tube, and even parabolic re^Uu;tors. 

4. 473.2 grams of ivaier at its maximum density 4°C (1 liter of water 
weighs 1.000 grams; I pint is 0.4732 liters). 

Earth and Space Science 

1. 30° West longitude. 

2. London: 1700 hours or 5 P.M. Tokyo: 2 A.M. the next morning. 
Xome. Alaska: 6 A.M. Honolulu: 7 A.M. the same morning. In other 
words, while you are having lunch in Mew York, the Alaskan and 
Hawaiian are having their breakfast, the Londoner is preparing for 
his supper, and the people of Tokyo have already gone to bed. 
Were you surprised to find that Nome. Alaska, is farther west than 
Honolulu? 
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3. San Francisco. 

4. One would expect to find rocks of the Paleozoic, Mesozoic, and 
Cenozoic eras; in fact, all eras, periods, and epochs to the present 
time. This is not the case, however, either because some of the 
more recent rocks of Mesozoic and Cenozoic age have already 
been removed by weathering and erosion, or because no rocks 
were formed during some periods and epochs. 

5. It was called the ''genesis rock" because the astronauts hoped that 
it would prove to be as old as the formation of the moon. Estimates 
made by scientists on the earth who dated the rock set its age as 
about 4.1 billion years. Earth rocks of this age would be from the 
Pre-Cambrian Era. 

6. The table might include 

Weathering {excluding effects of wind and water) 
Metamorphism 

Erosion (excluding effects of wind and water) 

Transportation 

Diastrophism 

Volcanism 

Impact of bodies from space 



8. d. Craters 
e. Basalt 

9. a. Hurricanes, mTw 

b. Snow blizzards. mPk 

c. Monsoons: Summer, mTk 

Winter, cAk 

d. Bright, warm days, cPw 

10. In seeding clouds, scientists are trying to promote formation of 
water drops that will fall as rain. Successful seeding with silver 
iodide requires subcooled cloud droplets (T 0°C). Silver iodide 
will act as a freezing nucleus, and in a mixed water-ice particle 
cloud the latter will grow at the expense of the former. Thus the 
particles become larger, fall faster, and hy collision will collect 
more droplets and eventually grow to raindrop size. 

11. a. Cirrocumulus 
b. Cirroslralus 
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c. Cumulonimbus, which might cause the pilot to change course to 
avoid thunderstorms, lightning, and severe turbulence. 

12. Tides are highest at full and new moon because at those periods the 
sun and moon are in parallel positions and their gravitational pulls 
are combined; at quarter moon, their forces are acting at right 
angles and consequently exert less combined pull. 

13. Tides may exceed 50 feet in the Bay of Fundy, which is a con- 
stricted estuary. 




15. a. Go to the beach 

b. Use snow tires 

c. Hurry home 

d. Close windows and shutters 

e. Fly kites 

f. Go hiking 

IB. a. .5 micron — telescope, microscope, or no instrument; we see 
these waves as visible light 

:j. 1 angstrorri -X-ray photography 

c. 1 kilocyle — radio receiver 

d. 1,000 kilometers — radio telescopes 

Chapter 3 — The Laboratory 

1. One approach could be to use a magnet to extract the iron filings. 
Then if carbon disulfide were added, the sulfur (and only the 
sulfur) would dissolve; the fluid could be decanted, and the solvent 
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ovapornled lo roclairn Iho auKuv. in the snme way water would 
dissolve the salt, but not the moth crystals or ihe sand. Finally, an 
or^^'anic; solvent (say. alcohol) could Vemove the moth crvstais in 
soUuion and leave the sand. Thus, all five materials could be 
separated into invididual piles. 

It mi^'hl also he possible lo centrifuj^e (he dry particles to separate 
them. 

Other possil)le methods: usin^ a geologist's sieve-series could also 
be effective. Ap|)lying heat and collecting each portion at its par- 
ticular melting point would work. 

There are probably other ways. loo. The i)oint is that, to solve the 
problem, one must call u[) isolated l)its of information and use 
reasoning processes to [uit them together in an effective way. The 
problem also suggests thai in problem solving, there is no one 
'^correct" answer. 

2. The easiest a[)proach to solving this problem is a negative one. We 
first of M rule out all the positions a man cannot hold (from the 
statements given) and then use the remaining information to de- 
termine which position he does hold. 

Thus. Mr. S[)rague cannot be the President if he "served with the 
President in the First World War/' nor can he be the Actuary if he 
"beats him at gin rummy." If Mr. Watson never "goes lo the theater 
nor pi ays cards ' he cannot bo the Secretarv or the Actuarv 

Mr. Lidstone — Actuary 
Mr. King-President 
Mr. Spragae- Secretarv 
Mr. Watson — Vice President 

}, a. It would be imi)os,sible to list all of the [)ossible problems 
inherent in (he maj'or area of concern, but (here would be 
chemistry problems. SAJch as: 

What is the chemical nature of cigarette smoke? 

Do these chemicals do damage indepondenli\' or must they be 
in interaction with body chemicals to be harmful? 

What are harmful dosage levels? 

is the damage cumidative? 

There coidd also be hiolegii::il [j rob! ems. such as: 
What organs (tissues, cells) are harmed? 

Mow iu*o thesL* slructuros harmed? 

Th(ire might be environmental studies, such as: 

Whai is the concentration of smoke in 

(ai a chjsed car with two peo[)le smoking. 

(b) the boys' restroom between classes. 
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(g) the stydent's home (if his parents smoke) over a 4-hour 
evening period? 

In the same way one could consider problems of prevention of 
corrosion through physical means such as improved lubrica- 
tion, plastic wrapping: through chemical means by improved 
paints or new substances; electrical (cathodic) protection such 
as is used on ships. 



Mathematics 



1. 


a. 


36.250 




b. 


3.625 




c. 


362.5 




d. 






e. 


0.003625 




f. 


0.0003625 




a. 


2 X 10^ 




b. 


7.049 X 103 




c. 


2.37465 X 103 




d. 


1.86 X 10-^ 




e. 


8.0 X 10° 




f. 


4.37 X 10-5 


3. 


a. 


23 




b. 


30.40 




c. 


4.68 




d. 


2.89 X 10« 



4. 200 watts X 10 huuis XSO daysX 5 cents X I kW =$3 
day kWhr 1.000 watts 
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Absoluto zoro, 75 
Accoloralion, 51 
Accuracy, 91 

dofino*d,92 
Address, navigaliurial, 5(5, 5tt 
Aeroilynamic principlos, 7fi 
Ago delerminalion. 62 
Air from, 67, HH 
Air mass. ^7^ 1>H 

class ificnlion, 67 
Alchemists, 23 
AlcohoK formula for, 39 
Alkali melals, 28 
Alkaline earths, 28 
Alkaline solutions, 28 
Alkanes, formula for, 37 
Alkanol family, formula for, 39 
Aluminum, 28* 33 

atomic mass, 28 

sulfide, 33 
American Chemical Society, 39 
Amino acids, 7B 
Ammonia water, 30 
Ammonium 

ion.s, 30, 32, 35 

ions, oxidation-state, 35 

sulfate, 36 
Amphibian embryo experiment, 86-1 
Anaphase, in mitosis, 20 
Animals, taxonomy, 17 
Anion, 30 

fluorine, 31 

polyatomic, 30, 35 
Antimony, naming of, 24 
Apparent error, 92 
Argon, 32 
Astatine, 26 
Astronauts, 76 
Astronomical unit. 74 
Astronomy. 55, 73, 74 

radio, 76 

X-rav, 71) 
Atlas. 73 
Atmosphere?, 63 

regions of. 66 
Atom. 24. 28-33 

combining capacity of. 33 

components of. 29 
Atoniir; 

mass. 28. 31.32 

nucleus. 29 

number. 28. 29 
Average. 105. 106 

meiasure of. 105 
Avogajlro. Amedeo. 31 
Av()gadro\s numb<»r. 31 
Awards programs. '126 
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Maronujtric pressui'tj, 68 
Hase units (SI), 46 
Deanniont, William, 21 
Bees.-.commiinicatisTi, 5 
Uenthic zone, of the oceans, 71 
Hemhos, 71 

liergeron system of classifying air 

masses, 67 
Bibliographic research, 83 
Binomial designation of organisms. 14 
)3«ologists, 13 
Black-box model, 84 
Boiling point, 40 
Bonding, 29 

covalent, 36 

ionSc, 36 

Botanical Nomenclature, International 

Code of, 16 
Boyle, Robert, 99 
Boyle's law, 43 
Bromine, 26, 33, 35. 72 
Bureau of Standards, U.S.. 45 
Burning, 29 

Calendar of geologic time. 59 
Cambrian Period. 61 
Carbohydrates, 37 
Carbon! 76 

atomic mass, 31 

atoms, 37 

dioxide, 26, 32 
Caril file ol physics terms, 53 
Categories, taxonomic, 14 
Cation, 30 

cesium, 31 

f)o)f atomic. 30, 35 
Cause-andHiffect relationships, 120-122 
Central tendency, 105 

investigation of, 106 

measures of, JO/i 
Cenozoic Era, 61 
Cesium, 30-33 

atomic mass, 32 

cation, 31 

fluoride. 31. 32 

oxide. 33 
(-halcogens, 26 
Change, chemical. 29. 30 
Characteristics of elements, 32, 33 
Charge 

balanced. 30 

electric. 29-31 

negative. 30 

positive. 30 

of fdectrons. 29 

of protons. 29 

uniKilancojl. 30 



Index/ 149 



Charles. J.A.C.yu 
Charles law. 43 
Chemical 

change. 29. 30 

formula. 20 

nomond attire. 39 
rules fur. 39 

reaction. 29. 3t) 
Chi-sqiiare. 117.119." 121 

calculation of. 118. 120 

defined. 117 

interpretation of, 118 

significant values for, 1 17 

table of values, 117 
Chlorine. 2t) 
Cirrus clouds, 70 
Classes, t.jvoiioniic. 14 
Classification of organisms, 13 
Ciimalologisl, 07 
Clouds 

cirrus. 70 

classification of, f)H 
cumulus. 70 
(lofinitions of, ()8 
forms. 68 
name,s. fiO 
nimboslratus. 70 
stratus. 70 
tvpes. 09 
Cofors 

descriptive terms for. 18, 19 
Combining terms, 8 
Communication 

animal. 5 

bees. 5 
Compound words, 11 
Compounds. 24. 20. 29. 36 

covalenl. 36 

forming. 30 

inorganic. 30. 37 
naming of. 37 

ionic. 36 

molecules of, 33 

names of, 32, 33 

naming, 30, 35 

organic. 36, 37 
naming of, 37 
Computational skills, 102 
Computers, 76, 102 " 
Concentration, 40 
Conclusions, formation of, 87, 88 
Confidence levels of experimental 

results, 117 
Constants. 94, 98 
(constellations. 73 
Continental shelf, n 
Control 

(pianlitv or subjects, 85 

set. 115' 

subjects, 87 



Chopper.. 32, 35 

comi)ounds of, 35 

oxidation state, 35 

oxide, 35 
Copfjer (I) oxide, 35 
Copper (II) oxide, 35 
Cores from ocean bottoms, 72 
Correlation coefficient 

determining, 122 

interpretation of, 121 
Correlation 

direct, 121 

inverse, 121 

negative, 121 

positive, 121 

techniques, 122 
Cosmic radiation, 75 
Covalent 

bonding, 36 

compounds, 36 
naming of, 36 
Critical ratio, 116 
Crust, of earth, 73 
Crystal 

structure, 64 

systems, 64, 65 
Cumulus clouds, 70 
Cupric oxide, 35 
Curves, 51 

Data, 104. 105 

analysis, 104 

collecting. 104 

handling, 104 

organization, 104 

plotting on graph, 102 

interpretation of. 114 
Decane, 37 
Decimal fractions, 91 
Deductive reasoning, 83 
Degrees of freedom, 119.120 
Density, defined. 50 
Dependent variables, 87, 121 
Deposition. 64 
Derived units, SI. 46. 48 

with special names, 49 
Digits, significant, 9J-93 

rules for determining. 93 
Dimensional analysis, use of, 94-96 
Dimensions, 94 

Direct variation in proportions, 98 
I)\'A (deoxyribonucleic acid), 37 
Diastrophis'm, 63, 64 
Division, of plants, 14 
Doppler effect, 43, 74 
Dyne, 50 

Earth and space sciences, 55 
Earth-centered universe, 73 
Earthquakes, 72, 73 
Earth's crust, 73 
Einstein, 84 
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Electric charjje. 29-31 

Ijcilanced. 29 
KlLMitrom d^notic 

spectrum. 74. 73 

rddiiitiun. 74, 75 
KlectronejiiJlivily. 30. 32 
Klectron microscopv. H4 
Kleclrons. 29. 30 

allractin^, 31. '5H 

sharing, 31, 30 
Klements. 23. 28 

atDiiiic mass. 28, 32 

atomic niim[)(;r. 28 

characteristics. 2H. 32. 33 

ijroiips of. 20 

list ni', 25 

s\ mhols fur, 23 
Enerjiv 

exchanges. 70. 72 

heat, 31 

study of. 43 
KnciMie. 02 

Epochs, geologic. 01. 02 
Kjpialions. 90 

in mathematics. 98 
Kcpiator. oti 
Kra. geologic. 01 
Krg. 50 

Erosion. 04. 72 
Error 

apparent. 92 

in measurement. 92 
Ethanol. 39 
Evohition, 84 
Exobiology. 70 

Experlniehl. designing an. 83 
Exiierimenlal 

tlesign. 85 

set. 115 

varialjle. 85-87 
Explorer I and III. 43 
Exnoncjnts 

decimal etpiivalents. 90. 91 
Extrap(datiun. 101 

I'aclors, mathematical. 90 
Families, taxonomic. 14 
Eats. 37 

Eaults, of earth's crust. 73 
Ferric oxide. 35 
Fluorine. 20. 30-32 

anion. 31 

atomic mass. 32 
Force, unit of. 50 
Formulas. 32 

chemical. 20 

constructing. 32. 37 

fur alkanes. 37 

for alkanol or alcohol, 39 

in physics, 51 

structural. 37, 38 
Franciurn, 30 



Freezing fn)int. 40 
Frecpiency dislriljulion. 109 

average measurement in. ItfJ 

calculating mean. 110 

calculating median. llO 

det(»rmining. 108 

intervals in, 108. 110 
Frrjnl. air. 07. 68 

types of. 68 

cYiaract eristics, 08 

Galaxy. 73, 74 
Cijs law, 99 
Gasoline. 37 
Gay-I.ussac. ]JL, 99 
General Conference of 

Weights and Measures, 45 
Genera. 14 
Generic name. 16 
Genus. 13 

and species label. 15 
Geochemisl. 03. 64 
Geologic 

epochs. 01, 02 

eras. 6l 

periods. 61 

stratigraphy. 62 

time. 59 

Geologic Time Scale. 59. 61. 62 
Geologists, physical. 63 
Geology. 55 

physical. 63 
Gold; 32 
Graphs.'pl, 101 

constructing. 99 

interpreialion of. 102 

of normal distribution. 105 

plotting data on. 102 

purposes of. 102 
Greenwich mean time. 50 

Halogens. 26 

Health and medical terms. 20. 21 
Heat energy. 31 
Heliocentric system, 73 
Helium. 32 

atomic number 28 
Heptane. 37 

Hete'/ogeneous mixture. 40 
Hexapoda. 17 
Hidden variables. 86. 87 
Hormones. 37 
Housefly, taxonomy of. 17 
Hurricanes. 72 
Hydrocarbons. 37 
Hydrogen. 24. 30 

atomic number 28 
Hydrologist. 70 
Hydrosphere. 63. 70. 72 
Hypothesis, null. 82 
If-lhen reasoning, 83 
Independent variable, 85. 121 
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Indiictivu 

process,. 51 

reason «3 
In formal bn. }»alhering. 83 
lnorj»anic iconipounds. 3H 

nanungiof. 37 
lnti;rnaii(iinal Hiir«»au (»f 

Weijjhtji and Measures. 45 
lnlornali(>r.al Cmlo of Botanical 

Xo mend a lure. 
Inlernalional Code of 

Zoolojjical Nomenclature. 17 
Internalioiriai Committee on 

VVei^jhls and Measures. 4f; 
Internatio-nal System. 74 
International Union of Pure and 
Applied Chemislry. 37. 39 
Interphase. 19 
Interpolation. 99 
Inlertidnl zone. 71 
Intervals 

in frtMpihincy distribuiion. lim-lli) 
Iodine, 2(i 
lunii: l)oni,Unj4. 3B 
Ions 

acetate. 30 

ammonium, 30,32, 35 

definition, 30 

monatomic, 30 

nejialive, 3(1, 31 

polyatomic, 30 

positive, 31 

sulfate. 35 
Iron. 32 

ore, Ztt 

oxidation state, 35 

oxide, 28, 32 
Iron 1 1 II) oxide. 35 
Irrelevant variable. fi5. 86 
Isotopes, 28 

|oule. 50 

joule, James P., 50 

King Tutankhamen, Rl 
Kingdoms, plant and animal. 14 
Kilogram, 50 
Krypton, 32 

Label, genus and spocies. 15 
Latitude, 36 

determining, 58 

diagram. 57 
Laws of nature, formulation of. 43 
Life-support systems. 70 
Light v*aves. 74 
Light-year. 74 
Line of regression. 114 
Linear function. 98 
Linnaeus, 13. 15 
Liter. 47 

Lithium bromide. 33 



Lilhospherc, f>3, 72 
Longitude, 50 
diagram, 57 

Magnesium. 72 
Marine fossiLs, H4 
Mass 

center of. 4H. 49 

defined. 47 
Mass and energv , 

relation Ijetween. 84 
Mathematical skills. 90 
Mathematics, relationship vviih 

science, 90 
Maltor. studv oL 43 
Mean. itm. I(i9. Ill 

defined, 105 

formula for determining, 107 
Measurement, 43, 45 

errors, 92 

language of, 44 

linear, 40 

of volume, 47 
Median. 100. \m 

definiMl. 105 
Medical terms. 20. 21 
Mendeleev, 26 
Mental models. 84 
Metals. 32. 36 

malleable, 32 
Metamorphism, 64 
Metaphase, in mitosis. 20 
Methane, 37 
Methanol, 39 
Meteorologists, 66, 67 
Meteorology, 55, 66 
Metric system, 45 

derived units, 46 

history. 45 

prefixes. 46 

units. 45 
Micrometer. 91 
Microscopv, electron, 84 
Milky Way, 73 

Mineral resources, of the ocean, 72 

Mineralogists. 64 

Mineralogy. 63 

\Jioc<ine. 62 

Mitosis. 19. 20 

Models, mental. 84 

black-box. 84 
Monatomic ions. 30 
Monsoons. 72 
Mole. 31 
.Molectdes. 33 
Mountain building. 72 

\ame 

generic. 16 

scientific (genus). 13 
Navigational address, 56. 58 
Neon. 32 

Nimbostralus clouds. 70 
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Nekton, 71 
Neutrons. 29 
Nowlon. Sir Isaac. 50 
Nitrogen. 30 
Noble gases. 30. :J2 
Nomenclature 
chemical. 39 

international systematic, 37 

of organisms. IH 
Nonane. 37 
Nonmetals, 32. 3H 
Nonzero number, 98 
Normal distribution, 113 

curve of, 105 
Nuclear change. 19 
Nucleuv, 29 

of aloi^'ii. 28 
Null hypothesis. 82 
Number, nonzero, 98 
Numbers 

accurate, 92 

approximate, 92 

precise, 92 
Numerical 

prefixes, 9. 1 1 

results. OK pressing. 93 
Nylon. 37 

OAO {orbiting astronomical oiiserva- 

lory). 7fi 
Ocean basins 

formation of, 72 

structure of, 71 
Ocean zones 

benthic, 71 

intertidal, 71 

pelagic, 71 

photic, 71 
Oceanographer, 70 
Oceanography, 55 
Oceanologist, 70 
Octane, 37 

Orders, taxonomic, 14 
Organic compounds, 3fi, 37, 39 

definition, 37 

families of, 37 

formulas for, 37 

naming of, 3b, 39 
Organisms, naming of. 16 
OSO (orhi.'ing solar fihservaforyl, Tfi 
Oxidation stale, 3J 

ammonium ion. 

copper. 35 

ircjn, 35 

negative, 33 

positive, 33 

sulfate ion, 35 

changeable, 33 
Oxygen, 26, 30, 32, 33 

compounds of, 35 

Paleo-, 62 

Paleontological evidence, 84 
Paleontologists, 61 



Paleozoic Era, (iO-fJl 
Parallax, 74 
Parsec. 74 . 

Pearson product-moment coefficient, 
122-124 

determining, 123 

formula for determining, 122. 124 

intert)retation of results. 123 
Pelagic zone, of the oceans. 71 
Periodic law. 26 
Periodic table, 26. 27. 32. 36 
Periods, geologic, 61 
Petrogenesis, 64 
PhcArc 7/)ne, of the oceans, 71 
Photosvnlhesis, 71, 84 
Phyla, 'l4 
Physical 

geologists, 63 

geology, 63 
Phvsics terms, card file of. 53 
PlanetG, 73 
Plankton, 71 
Plastics, 37 
Pleistocene, 62 
Pliocene, 62 
Polaris, 58 
Polonium, 26 
Polyatomic 

anion, 30, 35 

cations, 30, 35 

ions, 30 
Polymers, synthetic, 37 
Population,'ll4 

mean, 114, 115 

units in, 104 
Potassium, 32 

acetate, 37 
Power, of numbers; 91 
Precision, defined, 92 
Prefixes, 6, 7, 15 

numerical, 9, 11 

quantitative, 10 
Pressure, of a gas, 85 
Prime meridian, 56 
Problem 

nature of, 82 

statement of, 82 
Problem-solving process, 81 
Processes, terminology of, 19 
Project log, 129 
Prophase, in mitosis, 20 
Proportion, 96 

in mathematics, 98 
Proteins, 37 
Protista, 14 
Protons, 28, 29, 31 
Pulsars, 76 

Quantitative 
ideas, 90 

measurements, 90 
prefixes, 10 
Quartz. 28 
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Radiation 

cosmic. 75 

electromagnetic. 74 

from space, 76 
Radio 

astronomy, 76 

waves. 74-76 
Radioactive tracers. 84 
Rana catesbiana. 88 
Rana sylvalica. 88 
Ranks.'taxonomic. 13 
Ratio. 96. 98 

Reactions, chemical. 29-31 
Reasoning 

creative. 83 

deductive. 83 

if-then. 83 

inductive. 83 

logical. 83 
Red shift. 74 
Regression, line of. 114 
Relationships, graphs of, 52 
Rtjievant variable, 86 
RNA (ribonucleic acid). 37 
Research, bibliographic. 83 
Results 

reliability of. 102 

sij^nificance of. 102. 114 
Rocks, amiirphous. 64 
Root words. 13 
Roots of words. ()-7 
Rounding* off. 93, 108 
Rusting. 29 



Salts, 26 
Sample, 111 

definition of, 104 

mean, 115 
Sand, 28 
Satellites. 43, 76 
Science fairs. 126 
Science investigations 

carrying out, 127 

choosing a topic, 127, 128 

organizing, 127 

steps in, 128 

techniques for, 128 

writing a report, 129 
Science notebook. 129 
Science programs 

benefit of. 126 

for youth. 126 
Science seminars. 126 
Scientific 

method. 81. 82. 88 

notation. 90. 93 
Seawaler, composition of, 72 
Sedimentation, 72 
Sediments, ocean, 72 
Seismic disturbances 

sea waves. 73 



Seismograph. 73 

Selenium. 26 

Shared electrons, 36 

SI (Iniernalional System of Units), 45 

base units. 46 

derived units. 48 
with special names, 49 

units. 45 
Significant difference, 115. 116 
Significant digits, yl. 92. 93. 108 

rules for detei-mining. 93 
Signs, standard. 97 
Silicon dioxidi?. 28 
Silver. 32 
Sodium. 32 

carbonate, 37 

chloride, 26, 72 
Solar svstem, 73 
Solule.'40 

concentration of, 40 
Solutions 

characteristics of, 40 

components of. 40 

concentration of, 40 

heterogeneous, 40 

homogenLM)us. 40 
Solvent. 40 
Space, 73 

characteristics of. 76 

exploration, 76 

science. 76 
Spacecraft, 76 
Species, 14 
Specific epithet, 15 
Spectrum 

electromagnetic, 74, 75 

of an element, 75 

of a star, 75 
Speed, 51 
Sputnik 111,43 
Standard deviation, 111, 114 

determination of. 112. 113 

determining. Ill 

formula for, ill 

interpretation of, 115 
Standard error 

definition of, 114 

determination of, 114, 116 

interpretation of. 115, 116 

of difference between means, 115, 
116 

Standard signs and svmbols, 97 
Stars. 74 

Star's spectrum. 75 

temperature, 75 
Statistical approach. 82 
Statistics, 104-124 

data, interpretation of, 114 

definition of, 104 

inferential, 114 

line of regression, 114 

techniques in. 104 
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Stibium. 24 

St. Martin, Alexis. 21 

St'ock. Alfre(i H., 35 

Stock system of nomenclature, '35 

Stratigraphy, j^eologic, 62 

Stratus. cl()u(is, 70 

Structural formulas, 37, 38 

Student investi^»alion, 126. V17 

Substance, amount of, 31 

Suffixes, 6. 7, 15 

Sulfate ion, 35 

oxidation state, 35 
Sulfur, 26, 33 
Sun-centered system, 73 
Superscripts, 
Symbols, 23 

abbrevi.ited. 23 

abstr.u.l in communication, 5 

in equations. 31 

orij^ins, H 

pictorial, H, 23 

standard, 97 
Synclines, r)3 . 
Synthetic polymers, 37 
LeSysleme International d 'Unites (SI), 45 



Taxonomic 

categories, 14 

labels, printing of, 15 

levels, 15 

ranks, 13 

terminology, 18 

terms, 18 
Taxonomy, 13 

of animals, 17 

of Virginia nine, 15 
Technology, defined, 44 
Teflon. 37 
Telescope 

optical, 73 

radio, 73 
Tellurium, 26 
Telophase, in mitosis. 20 
Temi)eralure 

of a ^as. So 

of stars, 75 
Termino)ogy 

of physics, 43 

of processes. 19 

origins. 6 
Terms 

health and medical, 20-21 

taxonomic, 18 
Tidal waves, 73 
Tides, ocean, 7?. 
Time 

and navigation, 55 

concepts of, 50 

geologic, 50 

scale, absolute, /i2 

scale, geologic. 59, 61-62 

zones, 55, 56, 58, 61 



Tin, atomic mass, 28 
Tracers, radioactive, 84 
Trajectory, 76 
Transportation, 64 
Trilobite, 61 
Troposphere, 67 
Tsunami, 73 
Typhoons, 72 

Units, in use with SI, 47 
Universe 

age of, 74 

earth-centered, 73 

observable. 74 

size of. 74 
Unknown values, determining. 98, 99 

Values, determining unknown, 98. 99 
Van Allen radiation belts. 43 
Variables. 122 

correlations between, 121 

dependent, 87. 121 

experimental, 85-87 

hidden, 86-87 

independent. 85. 121 

in equations. 99 

in experiments. 120-121 

in proportions. 98 

irrelevant, 85. 86 

plotting on graph. 101 

relevant. 86 
Virginia pine, taxonomy of. 15 
Vitamins, 37 
Volcanism, 64 
Volcanoes, 73 
Volume of a gas, 85 

Water. 32 

formula for, 26 
Waves, 74 

elastic in earth's crust. 73 

light, 74 

ocean. 72 

radio. 74-76 
Weather forecasting. 67 
Weathering. 64. 72 
Weight and mass. 48. 49 
Wood alcohol. 39 
Word analysis, 7 
Word-attack skills. 6 
W*tjrd components, arrangement of. 7 
Words, compound, 6-7, li 

components, 6-7 

Xenon, 32 

X-ray astronomy. 76 

Youth congresses. 126 

Zero, absolute. 75 
temperature, 75 
Zoological Nomenclature, 

International Code of. 17 



Correlation 
Cosmic radiation 
Crust of earth 
Decimal fractions 
Degrees of freedom 
Digits, significant 
Diastrophism 
Doppler effect 
Earth's crust 
Electromagnetic 
Electrons 
Elements 
Energy 

Epochs, geologic 
Evolution 
Extrapolation 
Formulas 
Francium 
Galaxy 

Generic name 
Geochemist 
Halogens 
Hexapoda 
Hurricanes 
Hydrocarbons 
Hydrosphere 
Hypothesis 
Inductive 

International System 
Interpolation 
Isotopes 
Joule, James P. 




Kilogram 
Latitude 
Light-year 
Marine fossils 
Mass and energy 
Measurement 
Medical terms 
Meteorologists 
Metric system 
Milky Way 
Mineralogists 
Miocene 
Monsoons 
Neutrons 
Nomenclature 
Nonzero number 
Null hypothesis 
Oceanography 
Octane 

Oxidation state 
Paleontologists 
Periodic table 
Physics terms, card file 
Plankton 
Pleistocene 
Population 
Potassium 
Prime meridian 
Project log 
Proteins 
Pulsars 
Quantitative 
Radiation 



Reasoning 

Satellites 

Science fairs 

Science programs 

Sedimentation 

Seismograph 

Significant digits 

Solar system 

Space 

Spacecraft 

Sputnik 

Standard deviation : 
Stains spectrum 
Statistics 
Sulfate ion 
Synclines 

Synthetic polymers 
Taxonomic 
Telescope 
Temperature 
Terminology 
Trajectory 
Trilobite 
Troposphere 
Universe 
VitiUmins 
Volcanoes 
Word analysis 
Word-attack skills 
Youth congress 



